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Preface 


In recent years, the seemingly unlimited 
progress seen in integrated circuits technology 
has brought about phenomenal growth in elec- 
tronic products for consumer and industrial 
use. As electronics continues to expand in the 
future, we will direct our efforts at carefully 
researching trends and supplying our custom- 
ers with products that meet their needs and 
contribute to the betterment of their way of 
life. 

We have now completed the “Sharp Semicon- 
ductor Data Book MOS Edition”, which 

we present to you here now. 

This data book lists the microcomputers, 
memories and MOS LSIs produced and sold by 
Sharp, which have a wide range of applicabil- 
ity. We hope you will find this data book useful 
and will contact Sharp if you have any ques- 
tions. 



The information contained in the databook is in- 
tended to be a general product description. Sharp 
reserves the right to make change in specifications 
at any time and without notice. 

Sharp does not assume any responsibility for use 
of any circuitry described; no circuit patent 
licenses are implied. 



CONTENTS 


1. General Information 1 

Products Lineup 2 

Package Outline 12 

Quality Assurance 25 

2. 4-Bit 1 -Chip Microcomputers 35 

3. 8-Bit 1-Chip Microcomputers 165 

4 . 8-Bit Microprocessor and Peripheral LSIs 209 

5. 16-Bit Microprocessor and Peripheral LSIs 313 

6. Peripheral LSIs for Microcomputers 459 

7. Support Tools for Microcomputers 561 

8. Memories 581 

9 . LSIs for Telephone 731 

10 . MOSICs/LSIs 795 




General Information 
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Products Lineup 


Products Lineup 

■ 4-Bit 1-Chip Microcomputer 


Model 

Process 

Cycle 
time. ( jj. s) 

Supply 

voltage 

(V) 

Current 

consumption 

TYP.(mA) 

[operating] 

Instruc- 

tions 

ROM 

(bit) 

RAM 

(bit) 

Sub- 

routine 

nesting 

Package 

Remarks 

Page 

SM-3A 

PMOS 

10 

-15 

12 

57 

2268X8 

128X4 

2 

60QFP 

External RAM 
expandable 

36 

SM-100 

10 

-9 

10 

58 

1134X8 

64X4 

2 

28DIP 


40 

SM-105 

10 

-9 

10 

58 

1134X8 

64X4 

2 

28DIP 


40 

SM-110 

10 

-9 

13 

90 

2032X9 

128X4 

6 

60QFP 

8-bit A/D conversion 

44 

SM-115 

10 

-9 

13 

90 

2032X9 

128X4 

6 

60QFP 

8 -bit A/D conversion 

44 

SM-111 

10 

-9 

13 

90 

4064X9 

192X4 

6 

60QFP 

8-bit A/D conversion 

49 

SM-116 

10 

-9 

13 

90 

4064X9 

192X4 

6 

60QFP 

8-bit A/D conversion 

49 

SM-114 

10 

-9 

20 

90 

4064X9 

192X4 

6 

60QFP 

8-bit A/D conversion 

Remote control 
signal receiver 

54 

SM-120 

10 

-9 

20 

54 

1536X8 

64X4 

2 

44QFP 

External RQM 

59 

SM-200 

NMOS 

10 

-5 

32 

100 

3072X9 

128X4 + 16 

3 . 

60QFP 

External ROM/REM 

Automatic 
display circuit 

64 

SM-4A 

CMOS 

61 

-3 

0.05 

54 

2268X8 

96X4 

1 

60QFP 

External RAM 

69 

SM-5A 

61 

-3 

0.05 

51 

1827X8 

65X4 

1 

60QFP 


74 

SM-5L 

61 

-3 

0.05 

51 

1827X8 

65X4 

1 

60QFP 


79 

SM-500 

61 

-2 

0.02 

52 , 

1197X8 

40X4 

1 

48QFP 


84 

SM-510 

61 

-3 

0.06 

49 

2772X8 

128X4 

2 

60QFP 


89 

SM-511 

61 

-3 

0.04 

55 

4032X8 

128X4 

2 

60QFP 

Melody generator 
circuit 

93 

SM-520 

11 

-5 

1.5 

93 

3072X10 

160X4+16X2 

4 

64DIP 

External RAM 

Automatic 
display circuit 

98 

SM-525 

11 

-5 

0.6 

93 

3072X10 

160X4+16X2 

4 

64DIP 

External RAM 

Automatic 
display circuit 

103 

SM-530 

91.6 

-1.5 

0.012 

49 

2016X8 

88X4 

1 

80QFP 

Clock counter circuit 
Melody generator 
circuit 

108 

SM-531 

91.6 

-1.5 

0.01 

45 

1260X8 

52X4 

1 

60QEP 

Clock counter circuit 
Melody generator 
circuit 

113 

SM-540 

16 

-4.5 

0.23 

57 

2016X8 

128X4 

2 

60QFP 

Dot matrix 

118 

SM-550 

1.6 

3~5 

1 

94 

1024X8 

80X4 

using 

RAM 

area 

48QFP 

8 -bit serial 

I/O function 

123 

SM-555 

3.3 

3~5 

1 

94 

1024X8 

80X4 

using 

RAM 

area 

48QFP 

8 -bit serial 

I/O function 

123 

SM-551 

1.6 

3~5 

1 

94 

2048X8 

128X4 

using 

RAM 

area 

60QFP 

8 -bit serial 

I/O function 

128 

SM-556 

3.3 

3~5 

1 

94 

2048X8 

128X4 

using 

RAM 

area 

60QFP 

8 -bit serial 

I/O function 

128 
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A 


(Continued) 


SM-552 

CMOS 

1.6 

3~5 

1 

94 

4096X8 

256X4 

using 

RAM 

area 

60QFP 

8-bit serial 

I/O function 

133 

SM-557 

3.3 

3~5 

1 

94 

4096X8 

256X4 

using 

RAM 

area 

60QFP 

8-bit serial 

I/O function 

133 

SM-5E3 

1.6 

3~5 

1 

97 

4096X8 

256X4 

using 

RAM 

area 

80QFP 

8 -bit serial 

I/O function 

138 

SM-563 

6.6 

3-5 

0.4 

93 

4096X8 

128X4+32X4 

using 

RAM 

area 

64QFP 

8-bit serial 

I/O function 

139 

SM-572 

2 

3-5 

1.5 

93 

2032X9 

128X4 

6 

64QFP 

8-bit A/D conversion 

144 

SM-578 

2 

3-5 

1.5 

94 

4064X9 

192X4 

6 

64DIP 

64QFP 

8-bit A/D conversion 

8-bit Serial 1/0 function 

150 

SM-579 

2 

3-5 

1.5 

94 

6096X9 

256X4 

6 

64DIP 

64QFP 

8-bit A/D conversion 

8-bit serial 1/0 function 

151 

SM-590 

2 

3-5 

0.5 

41 

508X8 

32X4 

4 

20DIP 

16DIP, 18DIP 

152 

SM-591 

2 

3-5 

0.5 

41 

1016X8 

56X4 

4 

20DIP 

16DIP, 18DIP 

156 


■ 8-Bit 1 -Chip Microcomputer 


Model 

Cycle time 
MIN. (jus) 

Supply 

voltage 

(V) 

Current 

consumption 

MAX.(mA) 

I/O 

pins 

ROM 

(bit) 

RAM 

(bit) 

Package 

Remarks 

Page 

LH0801 

1.5 . 

5 + 5% 

180 

32 

2,048X8 

144X8 

40DIP 

Z8601MCU 

166 

LH0802 

1.5 

5 + 5% 

180 

32 

7- 

144X8 

64DIP 

Z8602MPD 

180 

LH0803 

1.5 

5±5% 

180 

32 

— 

144X8 

40PBP 

Z8603MPE 

182 

LH0811 

1.5 

5 + 5% 

180 

32 

4,096X8 

144X8 

40DIP 

Z8611MCU 

184 

LH0812 

1.5 

5±5% 

180 

32 

— 

144X8 

64DIP 

Z8612MPD 

186 

LH0813 

1.5 

5±5% 

180 

32 

— 

144X8 

40PBP 

Z8613MPE 

189 

LH0881 

L5 i 

5±5% 

180 

24 

— 

144X8 

40DIP 

Z8681MCU 

191 


■ 8-Bit CMOS 1-Chip Microcomputer 


Model 

Cycle time 
MIN. (jus) 

Supply 

voltage 

(V) 

Current 

consumption 

MAX.(mA) 

I/O 

pins 

ROM 

(bit) 

RAM 

(bit) 

Package 

Remarks 

Page 

SM-803 

2.2 

5 + 10% 


32 

4,096X8 

144X8 

40DIP 

44QFP 

— 

195 

SM-812 

1 

3-5 


48 

2,048X8 

128X8 

64DIP 

64QFP 

— 

198 

SM-813 

1 

3-5 


48 

4,096X8 

192X8 

64QFP 

64DIP 

— 

201 

LU810V1 

1 

3-5 


48 

— 

128X8 

64QFP 

64DIP 

— 

204 
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■ 8-Bit Microprocessor and Peripheral LSIs 


Function 

Model 

Process 

Supply 

voltage 

(V) 

Current 

consumption 

MAX.(mA) 

Clock 

fequency 

(MHz) 

Package 

Remarks 

Page 

CPU 

LH0080 

NMOS 

5 ±5% 

150 

2.5 

40DIP 

Z80 CPU 

210 

LH0080A 

200 

4 

Z80A CPU 

210 

LH0080B 

200 

6 

Z80B CPU 

210 

Parallel 

input/output 

controller 

LH0081 

NMOS 

5 + 5% 

100 

2.5 

40DIP 

Z80 PIO 

235 

LH0081A 

4 

Z80A PIO 

235 

LH0081B 

6 

Z80B PIO 

235 

Counter / Timer 

controller 

BH0082 

NMOS 

5 + 5% 

120 

2.5 

28DIP 

Z80 CTC 

245 

LH0082A 

4 

Z80A CTC 

245 

LH0082B 

6 

Z80B CTC 

245 

DMA controller 

LH0083 

NMOS 

5 + 5% 

150 

2.5 

40DIP 

Z80 DMA 

255 

LH0083A 

200 

4 

Z80A DMA 

255 

Serial input/output 
controller 

LH0084 

NMOS 

5 + 5% 

100 

2.5 

40DIP 

Z80 SIO/0 

270 

LH0084A 

4 

Z80A SIO/0 

. 270 

LH0084B 

6 

Z80B SlO/0 

270 

LH0085 

100 

2.5 

40DIP 

Z80 SIO/1 

270 

LH0085A 

4 

Z80A SIO/1 

270 

LH0085B 

6 

Z80B SIO/1 

270 

LH0086 

100 

2.5 

40DIP . 

Z80 SIO/2 

270 

LH0086A 

4 

Z80A SIO/2 

270 

LH0086B 

6 

Z80B SIO/2 

270 

Floppy disk 
controller 

LH0110 

NMOS 

5 + 5% 

.170 

2.5 

40DIP 

— 

279 

LH0110A 

180 

4 

— 

279 

CPU 

LH5080 

CMOS 

5 + 10% 

10(TYP.) 

2.5 

40DIP 

— 

296 

LH5080L 

2.5 

— — 

296 

LH5080LM 

2.5 

44QFP 


296 

Parallel 

input/output 

controller 

LH5081 

CMOS 

5 + 10% 

2(TYP.) 

2.5 

40DIP 

— 

302 

LH5081L 

- 2.5 

— 

302 

LH5081LM 

2.5 

44QFP 

— 

302 

Counter/Timer 

controller 

LH5082 

CMOS 

5 + 10% 

2.5(TYP.) 

2.5 

28DIP 

— 

307 

! LH5082L 

2.5 

— 

307 

LH5082LM 

2.5 

44QFP 

— 

307 
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■ 16-Bit Microprocessor and Peripheral LSIs 


Function 

Model 

Process 

Supply 

voltage 

(V) 

Current 

consumption 

MAX.(mA) 

Clock 

fequency 

(MHz) 

Package 

Remarks 

Page 

CPU 

LH8001 

NMOS 

5 ±5% 

320 

4 

48DIP 

Z8001 CPU 

314 

LH8001A 

6 

Z8001A CPU 

314 

LH8002 

320 

4 

1 

40DIP 

Z8002 CPU 

314 

LH8002A 

6 

Z8002A CPU 

314 

Memory 
control unit 

LH8010 

NMOS 

5 + 5% 

300 

4 

48DIP 

Z8010 MMU 

332 

LH8010A 

6 

Z8010A MMU 

332, 

Serial communication 

controller 

LH8030 

NMOS 

5 + 5% 

250 

4 

40DIP 

Z8030 SCC 

342 

LH8030A 

6 

Z8030A SCC 

342 

Counter/Timer parallel 
input/output unit 

LH8036 

NMOS 

5 + 5% 

200 

4 

40DIP 

Z8036 CIO 

356 

LH8036A 

6 

Z8036A CIO 

356 

FIFO input/output 
interface unit 

LH8038 

NMOS 

5 + 5% 

200 

4 

40DIP 

Z8038 FIO 

377 

LH8038A 

6 

Z8038A FIO 

377 

FIFO buffer unit and 
Z-FIFO expander 

LH8060 

NMOS 

5 + 5% 

200 

4 

28DIP 

Z8060 FIFO 

396 

Serial parallel 
combination controller 

LH8071 

NMOS 

5 + 5% 

250 

4 

40DIP 

— 

402 

LH8072 

— 

413 

GPIB controller 

LH8073 

NMOS 

5 + 5% 

250 

4 

40DIP 

— 

421 

Multitask support 

processor 

LH8075 

NMOS 

5 + 5% 

250 

4 

40DIP 

— 

423 

Universal 

peripheral 

controller 

LH8090 

NMOS 

5 + 5% 

250 

4 

40DIP 

Z8090 UPC 

434 

LH8090A 

6 

Z8090A UPC 

434 

LH8091 

NMOS 

5 + 5% 

250 

4 

64DIP 

Z8091 S'"" 

451 

LH8091A 

6 

Z8091A £-?— 

451 

LH8092 

250 

4 

64DIP 

70 AG 9 development 
LOVVL d ev i C e 

453 

LH8092A 

6 

Z8092A £gr e "‘ 

453 

LH8093 

NMOS 

5 + 5% 

250 

4 

40PBP 

70 ago protopack 
emulator 

455 

LH8093A 

6 

Z8093A EE k 

455 

LH8094 

250 

4 

40PBP 

28094 SEE? 

457 

LH8094A 

6 

Z8094A ESS? 

457 
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■ Peripheral LSIs for Microcomputers 


Function 

Model 

Process 

Supply 

voltage 

(V) 

Current 

consumption 

MAX.(mA) 

Clock 

fequency 

(MHz) 

Package 

Remarks 

Page 

Serial communication 

controller 

LH8530 

NMOS 

5 ±5% 

250 

4 

40DIP 

Z8030 SCC 

460 

LH8530A 

6 

Z8030A SCC 

460 

Counter/Timer parallel 
input/output unit 

LH8536 

NMOS 

5 + 5% 

200 

4 

40DIP 

Z8036 CIO 

474 

LH8536A 

6 

Z8036A CIO 

474 

Serial parallel 
combination controller 

LH8571 

NMOS 

5 + 5% 

250 

4 

40DIP 

— 

491 

LH8572 

NMOS 

5 + 5% 

250 

4 

40DIP 

— 

502 

GPIB controller 

LH8573 

NMOS 

5 + 5% 

250 

4 

40DIP 

— 

511 

Multitask support 

processor 

LH8575 

NMOS 

5 + 5% 

250 

4 

40DIP 

— 

513 


LH8590 

NMOS 

5 + 5% 

250 

4 

40DIP 

Z8090 UPC 

525 

LH8590A 

6 

Z8090A UPC 

525 


LH8591 

NMOS 

5 + 5% 

250 

4 

64DIP 

Z8091* 1 

542 

LH8591A 

6 

Z8091A* 1 

542 


LH8592 

NMOS 

5 + 5% 

250 

4 

64DIP 

Z8092* 1 

544 

LH8592A 

6 

Z8092A* 1 

544 

Universal 

peripheral 

LH8593 

NMOS 

5 + 5% 

250 

4 

40PBP 

Z8093* 2 

546 

LH8593A 

6 

Z8093A* 2 

546 

controller 

LH8594 

NMOS 

5 + 5% 

250 

4 

40PBP 

Z8094* 2 

548 

LH8594A 

6 

Z8094A* 2 

548 

Key-encoder and 
data transmitter receiver 

LH8661 

NMOS 

5 + 5% 

180 

8 

40DIP 


550 


* 1 Development device 

* 2 Protopack emulator 


■ Microcomputer Development Support System 


Model 

Function 

Page 

LH8DH110 

Development Support System SM-D-8000 II ; SM Series Z8, Z80, Z8000 development device 

562 

LH8DH130 

Development Support System SM-D-8100; Z8, Z80, Z8000 development device 

564 

LH8DH140 

Development Support System SM-D-8200; Z8, Z80, Z8000 development device 

566 

LH8DH312 

Z80B In-circuit Emulator, for SM-D-8000 II 

569 

LH8DH321 

Z8 In-circuit Emulator II , Stand-alone type 

571 

LH8DH330 

Z8000 Evaluation Board, Stand-alone type 

572 

LH8DH340 

Z8000 In-circuit Emulator SM-E-8100, Stand-alone type 

573 

LH8DH403 

PROM Writer SM-E-8000 II 

575 

LU4DH200 

SM Series Emulator Device SME-20, Stand-alone type 

576 

LUXXXH2 

SM Series Evaluation Board 

578 


6 


SHARP 








Products Lineup 


■ Mask ROM 


Capacity 

(bit) 

Model 

Process 

Bit 

composition 

(bit) 

Access 

time 

MAX.(ns) 

Cycle time 
MIN.(ns) 

Supply 

voltage 

(V) 

Power 

consumption 

MAX.(mW) 

Package 

Remarks 

Page 

32K 

LH2331 

NMOS 

4,096X8 

450 

450 

5 ±5% 

580 

24DIP 


582 

LH2331A 

350 

350 

582 

LH2332 

450 

450 

586 

LH2332A 

350 

350 

586 

64K 

LH2362B 

NMOS 

8,192X8 

250 

250 

5±5% 

840 

24DIP 


590 

LH2367 

250 

250 

420 

28DIP 

594 

LH5366A 

CMOS 

2,500 

4,000 

5±10% 

30 

44QFP 


599 

LH5366S 

6,000 

12,000 

3 ± 0.5 V 

3.5 

602 

LH5367 

450 

750 

5±5% 

60 

605 

96K 

LH5396 

CMOS 

12,288X8 

6,000 

7,500 

4.5 + 0.5V 

35 

44QFP 


608 

LH5396A 

3,000 

4,500 

60 

608 

LH5396S 

15,000 

18,000 

3 ± 0.4 V 

10 

612 

128K 

LH23126 

NMOS 

16,384X8 

250 

250 

5 + 10% 

440 

28DIP 


615 

LH53127 

CMOS 

250 

350 

5 + 10% 

44 

28DIP 

618 

LH53129 

6,000 

7,500 

4.5 + 0.5 V 

35 

44QFP 

622 

LH53129A 

2,500 

3,500 

5 + 10% 

80 

626 

256K 

LH23257 

NMOS 

32,768X8 

250 

250 

5 + 10% 

440 

28DIP 


630 

LH53256 

CMOS 

800 

900 

55 

44QFP 

634 

LH53257 

250 

250 

165 

28DIP 

638 

512K 

LH53512 

CMOS 

65,536X8 

3,000 

4,400 

5 + 1V 

9 

24SOP 


642 

1M 

LH531000 

CMOS 

131,072X8 

80 

— 

5 

— 

28DIP 


646 

1.2M 

LH53012 

Series 

CMOS 

103,680X12 

250 

250 

5 

— V 

40DIP 


647 


■ EPROM 


Capacity 

(bit) 

Model 

Process 

Bit 

composition 

(bit) 

Access 

time 

MAX.(ns) 

Cycle time 
MIN.(ns) 

Supply 

voltage 

(V) 

Power 

consumption 

MAX.(mW) 

Package 

Remarks 

Page 


LH5764J-20 



200 

— 





6*50 

64K 

LH5764J-25 

CMOS 

8,192X8 

250 

— 

5 + 10% 

150 

28DIP 


650 

LH5764J-30 

300 

— 

(Ceramic) 


650 


LH5764J-45 



450 

— 





650 


LH57128J-20 



200 

— 





651 

128K 

LH57128J-25 

CMOS 

16,384X8 

250 

— 

5 + 10% 

150 

28DIP 


651 

LH57128J-30 

300 

■ 

(Ceramic) 


651 


LH57128J-45 



450 






651 


LH57256J-20 



200 

— 





652 

256K 

LH57256J-25 j 

CMOS 

32,768X8 

250 

— 

5 + 10% 

150 

28DIP 


652 

LH57256J-30 

300 

— 

(Ceramic) 


652 


LH57256J-45 



450 

— 





652 
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Products Lineup 


■ Static RAM 


Capacity 

(bit) 

Model 

Process 

Bit 

composition 

(bit) 

Access 

time 

MAX.(ns) 

■ 1 

Cycle time 
MIN.(ns) 

Supply 

voltage 

(V) 

Power 

consumption 

MAX.(mW) 

Package 

Remarks 

Page 

: 

IK 

LH5101-30 

CMOS 

250X4 

300 

300 

5 ±10% 

, 140 

22DIP * 


653 

LH5101-45 

450 

450 


653 

LH5101 

800 

800 

5 + 5% 

145 


658 

LH5101L3 

650 

650 


658 

LH5101S 

3,000 

3,500 

3 ± 0.4 V 

45 


662 

LH5101W 

800 

800 

5 + 10% 

150 


666 

2K 

LH5102 

CMOS 

512X4 

1,200 

1,200 

5 + 5% 

145 

22DIP 


670 

LH5102-8 

800 

900 


670 

LH5102W 

1,200 

1,200 

5 ±10% 

150 


675 

4K 

LH2114L-20 

NMOS 

1,024X4 

200 

200 

5±10% 

400 

18DIP 


680 

LH5 114-4 

CMOS 

450 

450 

110 


684 

LH5104-4 

CMOS 

4,096X1 

450 

450 

5 ±10% 

85 

18DIP 


688 

16K 

LH5116-15 

CMOS 

i 2,048X8 

150 

150 

5±10% 

220 

24DIP 

i 

| 

18 pin CS 
20 pin OE 

693 

LH5116-20 

200 

200 

693 

LH5117-15 

150 

150 

i 

18 pin GE 2 

698 

LH5117-20 

200 

200 

20 pin CEi 

698 

LH5118-15 

150 

150 

1 

1 

18 pin CE 2 

703 

LH5118-20 

200 

200 

20 pin CEi 

703 


■ Dynamic RAM 


Capacity 

(bit) 

Model 

Process 

Bit 

composition 

(bit) 

Access 

time 

MAX.(ns) 

Cycle time 
MIN.(ns) 

Supply 

voltage 

(Y) 

Power 

consumption 

MAX.(mW) 

Package 

‘ Remarks 

Page 

64K 

LH2164-15 

NMOS 

65,536X1 

150 

270 

5±10% 

248 

16DIP 


708 

LH2164-20 

200 

330 


708 

LH2164A-15 

150 

260 

275 


717 

LH2164A-20 

200 

330 

i 

717 

256K 

LH2464-10 

NMOS 

65,536X4 

100 

— 

5 ±10% 

267.5 

18DIP 

Page mode 

726 

LH2464-12 

120 

— 

726 

LH2464-15 

150 

— 

726 

LH2465-10 

100 

— 

Nibble mode 

726 

LH2465-12 

120 

— 

726 

LH2465-15 

150 

— 

726 

LH21256-10 

NMOS 

262,144X1 

100 

200 

5±10% 

467.5 

16DIP 

Page mode 

728 

LH21256-12 

120 

230 

440 

728 

LH21256-15 

150 

260 

385 

728 

LH21257-10 

100 

200 

467.5 

Nibble mode 

728 

LH21257-12 

120 

230 

440 

728 

LH2 1257-1 5 

150 

260 

385 

728 

LH21258-10 

100 

200 

467.5 

Byte mode 

728 

LH21258-12 

120 

230 

440 

728 

LH21258-15 

150 

260 

385 

728 
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Products Lineup 


■ Tone Dialer 


Model 

Process 

Power 

supply 

voltage(V) 

Operating 

current 

TYP.(mA) 

Oscillating 

frequency 

(MHz) 

Oscillater 

Tone 

output 

Mute output 

Remarks 

Package 

Page 

LR4087 

CMOS 

3.5-10 

1 

3.58 

Crystal 

bipolar output 

Complementary 


16DIP 

732 

LR4089 

CMOS 

3.0-10 

1 

3.58 

Crystal 

bipolar output 

N-channel open drain 


16DIP 

735 

LR4091 

CMOS 

3.0-10 

1 

3.58 

Crystal 

bipolar output 

N-channel open drain 

Op amplifier 
output 

18DIP 

738 

LR4092 

CMOS 

3.5-10 

1 

3.58 

Crystal 

bipolar output 

Complementary 


16DIP 

741 


■ Pulse Dialer 


Model 

Process 

Power 

supply 

voltage(V) 

Operating 

current 

MAX.(mA) 

Oscillating 

frequency 

(kHz) 

Oscillator 

Make 

rate 

(%> 

Pluse 

ratio 

(PPS) 

Pluse 

output 

Mute 

output 

Remarks 

Package 

Page 

LR40981A 

CMOS 

2.5-6 

0.15 

480 

Ceramic 

33/39 

10 

Positive 

Negative 


16DIP 

744 

LR40982 

CMOS 

2.5-6 

0.15 

480 

Ceramic 

33/39 

10 

Negative 

Negative 


16DIP 

748 

LR40991 

CMOS 

2.5-6 

0.15 

4 

CR 

34/40 

10/20 

Negative 

Positive 


18DIP 

752 

LR40992 

CMOS 

2.5-6 

0.15 

4 

CR 

34/40 

10/20 

Negative 

Negative 


18DIP 

756 

LR40993 

CMOS 

2.5-6 

0.15 

4 

CR 

34/40 

10/20 

Negative 

Negative 

Key signal 

18DIP 

760 

LR40994 

CMOS 

2.5-6 

0.15 

4 

CR 

34/40 

10/20 

Negative 

Negative 

Key signal 

18DIP 

764 


■ Pulse / Tone Dialer 


Model 

Process 

Power 

supply 

voltage(V) 

Operating 

current 

TYP.(mA) 

Oscillating 

frequency 

(MHz) 

Oscillator 

Make 

rate 

(%> 

Pluse 

ratio 

(PPS) 

Abbreviation 

memory 

Redical 

function 

Package 

Page 

LR4801D 

CMOS 

2-6 

2 

3.58 

Crystal 

40 

10/20 

18 digits 

X9 stations 

18 digit last 

number 

18DIP 

768 

LR4802 

CMOS 

2-6 

2 

3.58 

Crystal 

32 

10/20 

18 digits 

X 9 stations 

1 8 digit last 

number 

18DIP 

773 

LR4803 

CMOS 

2-6 

2 

3.58 

Crystal 

40 

10/20 

18 digits 

X 9 stations 

1 8 digit last 

number 

18DIP 

778 

LR4804 

CMOS 

2-6 

2 

3.58 

Crystal 

40 

10/20 

— 

32 digit last 1 

number 

20DIP 

783 

LR4805 

CMOS 

2-6 

1 

3.58 

Crystal 

32 

10/20 

— 

32 digit last 

number 

20DIP 

788 

LR4806B 

CMOS 

2-6 

1 

3.58 

Crystal 

33/37 

10/20 

16 digits 

X20 stations 

32 digit last 

number 

28DIP 

793 
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Products Lineup 


■ MOS 1C / LSI 


Function 

Model 

Process 

Features 

Package 

Page 

Driver 

LH5010 

CMOS 

6-circuit signal non-inversion type* INHIBIT input 

16DIP 

908 

LH5011 

CMOS 

6-circuit signal inversion type, INHIBIT input 

16DIP 

908 

LH5010D 

CMOS 

7-circuit signal non-inversion type, INHIBIT input 

18DIP 

911 

LH5011D 

CMOS 

7-circuit signal inversion type, INHIBIT input 

18DIP 

911 

LH5012 

CMOS 

7-circuit signal non-inversion, type 

16DIP 

914 

LH5013 

CMOS 

7-circuit signal inversion type 

16DIP 

914 

LH5012D 

CMOS 

8-circuit signal non-inversion type 

18DIP 

917 

LH5013D 

CMOS 

8 -circuit signal inversion type 

18DIP 

917 

Clock/ 

Timer 

LR3428 

CMOS 

Analog clock, alarm, oscillator : 4.19 MHz crystal 

8DIP 

920 

LR3429 

CMOS 

Analog clock, alarm, oscillator : 4.19 MHz crystal 

8DIP 

923 

LR3464 

CMOS 

Analog clock, alarm, oscillator : 32kHz crystal 

8DIP 

926 

LR3468 

CMOS 

Analog clock, alarm, oscillator : 32kHz crystal 

8DIP 

929 

LR3465 

CMOS 

Analog clock, melody generating function oscillator : 

32 kHz crystal 

22DIP 

932 

LR3441 

CMOS 

(Hour, min) LCD display, timecast, alarm, snooze function, 
oscillator : 32kHz crystal 

48QFP 

936 

LR3419 

CMOS 

(Hour, min) Fluorescent display tube indication, 

power failure display, oscillator 50/60 Hz or 32kHz crystal 

48QFP 

941 

LR3472 

CMOS 

(Hour, min) Fluorescent display tube, 6-program-a-week 
reservation, oscillator : 32kHz crystal 

48QFP 

945 

LCD driver 

LH5008 

CMOS 

7-segment and 14 -segment display, display RAM : 128 bits 

60QFP 

838 

LH5003 

CMOS 

5 X 7-dot matrix display (master), display RAM : 

240 bits, character generator: 125 types 

60QFP 

899 

LH5004 

CMOS 

5 X 7-dot matrix display (slave), display RAM : 

320 bits, character generator: 128 types 

60QFP 

899 

LH5821 

CMOS 

Dot matrix display (master), display RAM : 

1280 bits, common output: 20 lines, segment output: 44 lines 

80QFP 

879 

LH5822 

CMOS 

Dot matrix display (master), display RAM : 

1280 bits, common output: 18 lines, segment output: 46 lines 

80QFP 

879 

LH5823 

CMOS 

Dot matrix display (master), display RAM : 

1280 bits, common output: 16 lines, segment output: 48 lines 

80QFP 

879 

LH5826 

CMOS 

Dot matrix display (slave), display RAM : 

1280 bits, segment output: 64 lines 

80QFP 

884 

LH5030 

CMOS 

Dot matrix display (common), common output: 80 lines 

96QFP 

892 

LH5031 

CMOS 

Dot matrix display (common), common output: 32 lines 

44QFP 

896 

LH5035A 

CMOS 

Dot matrix display (segment), display RAM : 

3200 bits, segment output: 80 lines 

96QFP 

889 

LH5036A 

CMOS 

Dot matrix display (segment), display RAM : 

3200 bits, segment output: 80 lines 

96QFP 

889 

LH5006A 

CMOS 

Dot matrix display, common output or segment output: 40 lines 

60QFP 

866 

LH5021A 

CMOS 

Dot matrix display, common output or segment output: 80 lines 

100QFP 

870 

LH5022 

CMOS 

Dot matrix display, common output or segment output: 80 lines 

100QFP 

870 

LR3691A 

CMOS 

Dot matrix controller, max display capacity; 163,840 dots 

60QFP 

844 

LR3692 

CMOS 

Dot matrix controller, max display capacity: 640X256 dots 

80QFP 

853 

Vacuum 

fluorescent 
display driver 

LI2048 

PMOS 

5 X 7-dot matrix display, character generator: 128 types 

60QFP 

835 

LH1001 

PMOS 

Grid drive, output voltage (MAX.): —50V, 
output current (MAX.): 20mA 

36QFP 

905 
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Products Lineup 


■ MOS 1C / LSI (continued) 


Function 

Model 

Process 

Features 

Package 

Page 


LZ1008AD 

DMOS 

8-output, N-channel, output voltage (MAX.): 300V, 
output current (TYP.): 35mA 

18DIP 

804 


LZ1016AD 

DMOS 

16-output, N-channel, output voltage (MAX.): 250V, 
output current (TYP.): 45mA 

28DIP 

807 

High 

LZ1032AM 

DMOS 

3 2 -output, N-channel, output voltage (MAX.): 250V, 
output current (TYP.): 45mA 

44QFP 

811 

voltage 

MOS 

LZ 11 08 AD 

DMOS 

8 -output, P-channel, output voltage (MAX.): 300V, 
output current (TYP.): 20mA 

18DIP 

815 

LZ1116AD 

DMOS 

16-output, P-channel, output voltage (MAX.): 300V, 
output current (TYP.): 30mA 

28DIP 

818 


LZ1 132AM 

DMOS 

32-output, P-channel, output voltage (MAX.): 300V, 
output current (TYP.): 30mA 

44QFP 

821 

Audio & 

Video 

LR3617 

CMOS 

Up / down counter with LCD decoder driver 

48QFP 

964 

LR3727 

CMOS 

VTR data back 

36QFP 

969 

LR3652 

CMOS 

PLL synthesizer for AM / FM radio 

22DIP 

977 

Remote 

LR3715M 

CMOS 

56-channel remote-controlled transmitter, 
oscillator: 455 kHz ceramic 

36QFP 

952 

control 

LU59001 

CMOS 

56-channel remote-controlled transmitter, 
oscillator: 455 kHz ceramic 

20DIP 

957 

Voice 

Synthesizer/ 

Melody 

generator 

LR3461 

CMOS 

8-melody generation with accompaniment, 

Electromagnetic speaker driver, CR oscillation 

22DIP 

824 

LR3462 

CMOS 

8-melody generation, piezo-electric drive, CR oscillation 

18DIP 

827 

LR3681 

CMOS 

Speech synthesizer, Waveform coding system, 

Built-in 32K~bit data ROM, Base frequency : 4.19MHz 

48DIP 

831 

CCD 

LZ2020 

CMOS 

CCD image sensor, dynamic range (TYP.): 54dB, 

Transfer efficiency more than 99.996% 

24DIP 

(Ceramic) 

799 

Gate array 

LZ92 Series 

CMOS 

Gate array, 300—5000 gates, 2.8ns/gate 

— 

796 
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Quality Assurance 


1. Quality Assurance System 

Sharp develops and manufactures a wide range 
of consumer and industrial-use semiconductor pro- 
ducts, including ICs and LSIs. 

In recent years, the applications of ICs and LSIs 
have expanded significantly, into fields where ex- 
tremely high levels of quality are critical. 

In response, Sharp has implemented a total qual- 
ity assurance system that encompasses the entire 
production process from planning to after-sales 
service. This system ensures that reliability is a 
priority in the planning and manufacturing stages, 
and guarantees product quality through rigorous 
reliability testing. We will introduce a part of 
this system here. 

Sharp’s quality and reliability assurance activi- 
ties are based on the following guidelines : 

(1) All personnel should participate in quality 
assurance by continually cultivating a higher 
level of quality awareness. 

(2) In the developmental stage of new products, 
create designs that consider reliability in ev- 
ery respect. 

(3) In addition to quality control in all manufac- 
turing processes, all working environments, 
materials, equipment, and measuring devices 
should be carefully monitored to ensure quali- 
ty and reliability from the very beginning of 
the process. 

(4) Confirm long-term reliability and obtain a 
through understanding of practical limits 
through reliability testing. 

(5) Continually work to improve quality through 
application of data from process inspections, 
reliability testing, and market surveys. 

2. Quality and Reliability Control in New 
Product Development 

The development of new products begins with a 
thorough understanding of the product specifica- 
tions and quality that will satisfy the purpose for 
which the product is intended and with develop- 
mental planning that carefully considers pricing, 
quantity and the time of introduction to the market. 

In the design stage, reliability is designed into 
the product based on test data, process capability, 
and field data, and experimental models are 
made. These experimental models are referred to 
as TS (technical samples), and are evaluated pri- 



Fig. 1 New Product Development Steps 

marily for their ability to function and their per- 
formance. 

Next, ES (engineering samples) are made and ev- 
aluated to determine whether the functions, per- 
formance and quality aimed for in the design stage 
can be guaranteed under the existing manufactur- 
ing conditions. These ES are also evaluated in 
quality and reliability tests to determine whether 
their long-term reliability can be guaranteed. 

After this, mass producibility is evaluated using 
CS (commercial samples) obtained from a trial mass 
production, and the decision to mass produce or 
not is made. Fig. 1 shows the steps in the de- 
velopment of new products. 

3. Quality and Reliability Control in Mass 
Production 

(1) Quality Control of Materials 

The quality and reliability of a product is 
affected by its component materials as well as the 
manufacturing processes and conditions. 

The quality control of purchased component 
materials is ensured by material qualification and 
inspection upon receipt. 


•SHARP 


25 









Quality Assurance 


Table 1 Examples of items considered in material approval 


Material 

Wafers 

Resins 

Lead frames 

Bonding wire 

; 

Items 

Crystal growth method 
Crystal orientation 
Doping 

Oxygen content 
Dislocation density 
Diameter 

Thickness 

Parallelism 

Specific resistance 

Composition 

Electrical characteristics 

Thermal characteristics 
Formability 

Process characteristics 
Reliability evaluation 
Reliability characteris- 
tics 

by elements used 

Composition 

Electrical characteristics 

Thermal characteristics 
Physical characteristics 
Appearance 

Dimensions 

Processing accuracy 
Plating characteristics 
Process characteristics j 

Purity 

Appearance 

Dimensions 

Strength 

Elongation characteris- 
tics 

Process characteristics 


Silicon 

wafers 


Process 


Purchase of material 
Inspection upon receipt 
Oxidation 


Oxidation inspection 
O On line QC 


Control items 


C 


Appearance, dimensions, 
specific resistance 


Eliminate items with incorrect dimensions , 4 
scratches, and crystal defects and assure 
resistance values. 


Appearance, film thickness 
Surface cleanliness 


Confirm the absence of pin 
holes and assure film thickness. 
Check the cleanliness of surfaces. 



Photolithography 
Visual inspection 


Development, etching 


Check the suitability of development and 
etching. 


On line QC 


Wire width 


Control the wire width. 
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Ion implantation 

Chip electrical inspection 

Dicing 

Breakage screening 


Electrical characteristics 


Eliminate items with unsuitable electrical 
characteristics. 


Die inspection 


Appearance 


Confirm the absence of breakage and 
chips. 


Die bonding 


Die bonding inspection 


Appearance, bond strength 


Check quality of die bond. 


Wire bonding 


Wire bonding inspection 


Appearance, tensile strength 


Ch.eck position and shape of bond and 
assure sufficient tensile strength. 


Fig. 2 Example of process quality control 
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Table 1 shows examples of material qualification 
items. The inspections performed upon receipt of 
materials use criteria compiled from the purchase 
specifications and approval drawings, and employ 
sampling inspection methods that conform with 
MIL-STD-105D. 

(2) Control of Manufacturing Environment 

Environmental conditions in the manufacturing 
process — such as temperature, humidity, and dust 
— significantly affect the finished quality of semi- 
conductor products. 

Temperature is especially critical in maintaining 
the accuracy of the measurement of electrical char- 
acteristics and the accuracy of various devices. 
Humidity control is important for the prevention of 
moisture penetration into a device and the preven- 
tion of static electricity. Temperature and humid- 
ity are thus strictly maintained at constant levels. 

A dust-free environment is vital in the manufac- 
ture of refined semiconductor circuits, as dust can 
be the critical determining factor in their quality 
and reliability. Thus, the cleanliness of every- 
thing from air conditioning equipment to work ben- 
ches to work clothes and office items is carefully 
controlled. 

Sharp is also concerned about creating an en- 
vironment conducive to error-free high-precision 
work, and so provides background music and in- 
terior colors appropriate for specific tasks. 

(3) Control of Manufacturing Equipment and 
Measuring Devices 

Tremendous technological innovation and prog- 
ress has been made in semiconductors themselves 
and in the processes and equipment by which they 
are produced. 

To achieve even higher levels of product uni- 
formity and quality, Sharp is continually further- 
ing the automation of its processes, strictly manag- 
ing the maintenance of its manufacturing equipment, 
and carefully monitoring the accuracy of all 
measuring devices through daily and periodic in- 
spections. 

(4) Process Quality Control and Product in- 
spections 

Based on the fundamental concept of ensuring 
quality and reliability throughout the manufactur- 
ing process, we check at each sthge to determine 
whether the prescribed characteristics are being 
obtained and to prevent defective items from going 
on to the next stage. We do this through strict 
monitoring, inspection of all items, sampling in- 
spections, and other standardized methods of man- 


agement. 

We perform a final inspection of all finished pro- 
ducts as well as further quality assurance inspec- 
tions through sampling to fully ensure quality. 

Detects found in these inspections are promptly 
reported to the design and production sections, and 
improvements made’ in the processes to upgrade 
our uniform quality capabilities*. 


1 


Assembly process 



Shipment 


Fig. 3 Product inspection system 

Fig. 3 Shows the product inspection system. 

Fig. 4 Shows an example of process quality 
control. 

(5) Reliability Assurance 

To guarantee the long-term reliability of our pro- 
ducts, we periodically sample products and subject 
them to reliability testing such as life tests and en- 
vironmental tests. 

In addition, reliability tests are performed 
whenever process changes have been made. 


•SHARP 


27 


iiniiii 






Marketing | Inspection Production | Developmental design Planning 


Quality Assurance 


Manufacturing Quality control Quality assurance Design Business, planning 

( Market 

research Y* 

( Development 

planning Y* 

( Investigation of specification ^ 

, 1 ^ 

C Development plan decision (New production planning conference) J 

( Specifications^ 
document ) 

f Design^review} 






Inspection/ 
Aging 


Quality assurance 

inspection/Reliability 

evalution 


Reply to 
claim 


Receipt of 
claim 


Fig. 4 (a) Quality assurance system (SHARP side) 
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Fig. 4 (b) Quality assurance system (User side) 


SHARP 


29 




Quality Assurance 


4. Reliability Tests 

In addition to determining the extent to which 
product reliability can be assured, the objectives of 
reliability testing include getting an understanding 
of design limitations and the catastrophic failure 
mode, and predicting reliability in the field. 

The major categories of reliability testing are 
durability tests, thermal environmental tests, and 
mechanical tests. The standardized test methods 
used are those prescribed by official standards or 


associations such as the International Electronics 
Commission (IEC), and the U. S. Military Specifica- 
tions (MIL). Sharp standardizes all specifications to 
conform with these standards. 

Table 2 shows a representative reliability test. 

Durability testing of semiconductor products 
places the greatest emphasis on high temperature 
operation tests. Priority in the testing of plastic 
molded products is on high temperature, high 
humidity storage (operation) tests. 


Table 2 Reliability test for semiconductor products 


Type 

Test item 

Test condition 

Test objectives 

Durability 

tests 

High temperature 
storage 

Tstg (max.) 

Evaluate resistance to high temperatures in 
longterm storage. 

High temperature 
operation 

Topr (max.) 

power supply voltage (max.) 

Evaluate resistance to long-term thermal and 
electrical stress. 

High temperature, 
high humidity 
storage 

. 60t 90% RH 

85t: 85% RH 

Pressure cooker at 120“C and 

2 atmospheres 

Evaluate resistance to high temperatures and 
high humidity in long-term storage. 

High temperature, 
high humidity 
operation 

60 °C 90% RH 

85°C 85% RH 

Evaluate resistance to long-term thermal, humid- 
ity and electrical stress. 

Low temperature 
storage 

Tstg (min.) 

Evaluate resistance to low temperatures in long- 
term storage. 

Thermal 

environ- 

mental 

tests 

Temperature 
cycling test 

Tstg (max.) — Tstg (min.) 

Evaluate resistance to sudden extreme tempera- 
ture changes. 

Heat shock test 

O'C-IOO'C (liquid) 

Evaluate resistance to sudden extreme tempera- 
ture changes. 

Temperature and 
humidity cycling 

test 

— 10°C to+65°C 90% RH 

Evaluate resistance to extreme temperature 
changes at higgh humidity. 

Solder heat 

resistance 

260°C 10s 

Evaluate resistance to thermal stress during 
soldering. 

Mechanical 

tests 

Shock test 

1.500G, 0.5 ms +X, +Y, +Z 

Evaluate structural and mechanical resistance to 
strong shocks. 

V ariable-frequency 
vibration test 

20G, 20-2,000 Hz, X, Y, Z 

Evaluate resistance to vibration during trans- 
port and use. 

Pin strengeth 

Tensile strength : holds fixed load 
for 10 seconds 

Bending strength : bend once 90 in 
forward and reverse directions 
(Load is determined based on pin 
shape and the surface area of pins 
section.) 

Evaluate resistance to mechanical stress applied 
to pins. 

Air-tightness 

Test for minute leaks using helium 
gas and large leaks using foaming. 

Evaluate hermetic sealing. 

Salt spray test 

Spray 5% salt solution 
at Ta=35 °C for 24 hours 

Evaluate resistance to corrosion in salt spray 
environment. 

Solderability 

230 °C for 5 seconds (with flux) 

Evaluate solderability of pins. 

Solvent resistance 

Dip in isopropanol and acetone for 
30 seconds at Ta=25°C 

Evaluate resistance to pitting. 
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5. After-sales Service 

If a product malfunctions after shipment, we 
have the customer return the product for detailed 
analysis. We also obtain complete information con- 
cerning conditions of use, frequency of occurrence, 
and symptoms. 

When the cause has been determined, we report 
findings concerning the design, manufacturing pro- 
cess, or method of use to the departments con- 
cerned for preventive action against recurrence of 
the malfunction. We then submit a report to the 
customer. 

This process of tracking the performance of our 
products in actual use is an extremely effective 
way to enhance product reliability. We direct a lot 
of energy forwards its full imprementation. 

Fig. 5 shows the routes through which accidents 
and malfunctions outside of the company are hand- 
led, and Fig. 6 shows the procedures used in their 
analysis. 

6. Handling Precautions 

All of the semiconductor products listed in this 
data book were manufactured based on exacting 
designs and under comprehensive quality control. 
However, to take full advantage of the features 


offered and assure the products’ long-life service, 
please refer to this manual to help in designing sys- 
tems that make best use of their capabilities. 

(1) Maximum Ratings 

It is generally known that the failure rate of 
semiconductor products increases as the tempera- 
ture increases. It is necessary, of course, that the 
ambient temperature be within the maximum rated 
temperature. Further it is desirable from the stand- 
point of reliability that the ambient temperature be 
lowered as much as possible. The voltage, current, 
and electric power used are also factors that signi- 
ficantly influence the life of semiconductor pro- 
ducts. Voltage or current- that exceeds the rated 
level may damaged, the semiconductor product; 
even if applied only momentarily and the unit con- 
tinues to operate properly, excessive voltage or 
current will likely increase the failure rate. 

Therefore, in actual circuit design, it is impor- 
tant that the semiconductor products used have a 
certain degree of allowance with respect to the vol- 
tage, current and temperature conditions under 
which they will be used. The greater this allo- 
wance, the fewer the failures that will occur. 

To keep failures to a minimum, the circuit should 
be designed so that under all conditions to absolute 
maximum, the ratings are not exceeded even 


1 



corrective action 

Fig. 5 Routes through which malfunctions 
outside the company are handled 
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momentarily and so that the maximum values for 
any two or more items are not achieved simul- 
taneously. In addition, remember that the circuit 
functions of semiconductor products are guaran- 
teed within the operating temperature range (TV) 
of the absolute maximum ratings, but that storage 
temperature (Tstg) is the range in a nonoperating 
condition. 

(2) Transportation and Storage 

Semiconductor products are susceptible to high 
temperature and high humidity. Please store them 
in a dry place as near to room temperature as 
possible. 

During shipping and storage, keep semiconduc- 
tor products in the packaging they were delivered 
in to prevent damage due to static electricity. If re- 
moved from their packaging, the terminals must be 
shortcircuited with a conductive material or the en- 
tire units wrapped in aluminum foil. Also remem- 
ber that nylon and plastic containers build up elec- 
trostatic charges easily and so should not be used 
for storage or transportation. 

Mechanical vibration and shock should also be 
kept to a minimum. 

(3) Assembly 

When attached to printed circuit boards, semi- 
conductor products are removed from a conductive 
container, so electrical equipment, work benches, 
and operators must be grounded to protect the pro- 
ducts from static electricity. It is good to use 
grounded metal plating on the surfaces of work 
benches. Grounding metal rings and watch bands is 
a convenient method for grounding operators. The 
grounding of operators is required to prevent elec- 
tric shock due to current leaks from electrical 
equipment, so it must be performed through a re- 
sistance of 1 MO. 

Working attire made of synthetic fabrics should 
be avoided in favor of fabrics such as cotton that 
do not easily generate static electricity. 

Keeping the relative humidity in working areas 
around 50% will also help to prevent the genera- 
tion of static electricity. 

Current leakage from electrical equipment is not 
desirable from the standpoint of safety. All equip- 
ment should therefore be. checked periodically for 
current leakage. 

When forming the lead wires of semiconductor 
products to be mounted, forceps or a similar tool 


that will prevent stress from being applied to the 
base of the wires should be used. 

To prevent the input terminals of semiconductor 
products on completed printed circuit boards from 
becoming open during storage or transport, the ter- 
minals of the circuit board should be shortcircuited 
or the entire circuit board itself should be wrapped 
in aluminum foil. 

(4) Soldering and Cleaning 

When using a soldering iron or solder bath, keep 
the temperature below 260°C the time and within 
10 seconds. If using a soldering iron, use one with 
no leakage from the soldering tip. An A class 
soldering iron with an insulation resistance of less 
than 10 MO is recommended. When using a solder 
bath, it should be grounded to prevent its having 
an unstable electric potential. 

Using a strongly acidic or alkaline flux for 
soldering can cause corrosion of the lead wires. A 
resin flux is ideal for this type of soldering. 

To assure the reliability of a system, removal of 
the flux used in soldering is generally required. 
Freon TE, a freon cleaning fluid, or difron solvent 
S3-E is recommended for use as the cleaning fluid. 

To prevent stress on semiconductor products 
and circuit board when using ultrasonic cleaning, a 
cleaning method must be used that will shadow the 
main unit from the vibrator and keep cleaning time 
to less than 30 seconds. 

(5) Adjustment and Tests 

When the set is to be adjusted and tested upon 
completion of the printed circuit board, the printed 
circuit board must be checked to ensure that there 
are no solder bridges or cracks before the power is 
turned on. Also, if the marked rated voltage and 
current are to be used, it is wise to use a current 
limiter. 

Whenever a printed circuit board is to be re- 
moved or mounted on a socket, the power must be 
turned off. 

When testing with a probe, care must taken to 
assure that the probe does to come in contact with 
other signals or the power supply. If the test loca- 
tion has been decided beforehand, it is wise to set 
up a specially designed test pin for testing. 

When testing in high and low temperatures, the 
constant temperature bath must be grounded and 
measures taken to protect the set inside the bath 
from static electricity. 


32 


SHARP 




Quality Assurance 



i I Test is applied only to a hermetic sealed package. 

i— i 

Fig. Failure analysis procedure 
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4-Bit 1-Chip Microcomputers 



PMOS 4-Bit 1-Chip Microcomputer 


SM-3A 


PMOS 4-Bit 1-Chip Microcomputer 

■ Pin Connections 


■ Features 

1. PMOS process 

2. ROM capacity 2,268 X 8 bits 

3. RAM capacity 128X4 bits 

4. Instructions 57 

5. Subroutine nesting 2 levels 

6. Input ports 8 bits 

7. Output ports 37 bits 

8. Input/Output ports 4 bits 

9. On-chip clock generator circuit 

10. High voltage outputs (— 38V) 27 bits 

11. Single power supply —15V (TYP.) 

12. Instruction cycle 10 /*s 
18. 60-pin quad-flat package 


.669 66 ^ 5 ^^ 

„ co co ^ Q ►— I I— I Z Cfi H- II— I \ S * A 

fcfcfc' feOQQO>QQ0SH<H 

|45||44||43||43|4iH40||3^f3gg7|(3^|35||34||33||3a[3ll 



nmnn 0 m uj lzj hj ud m nrer y inn 


*******§** 
o 


1 x os os oc dc: 


Top View 


■ Description 

The SM-3A is a 4 -bit single chip PMOS micro- 
computer with 2,268 bytes of ROM, and 128 
words of RAM. It is well suited for low cost sys- 
tems requiring many I/O control ports. 


SM-3A 
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PMOS 4-Bit 1-Chip Microcomputer 


SM-3A 


Block Diagram 


Output Port 



Output Port 


Symbol description 

ALU Arithmetic logic unit 

Acc I Accumulator 

C Carry F/F 

PB, PU,PM, PL : Program counter 

SC Stack register of program counter 


RC i Stack register of program counter 

Bu, Bm, Bl • RAM address register 

X Temporary register 

S I Flag F/F 

DISP I Display F/F 
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PMOS 4-Bit 1-Chip Microcomputer 


SM-3A 


■ Pin Description 


Pin 

I/O 

Type of circuit 

Function 

KE!~KE 4 

I 

Pull down 

A CC ^KE 1 ~KE 4 

«, P, AK, TAB 

I 

Pull down 

Possible to test 4 bits independently 

DI0!~DI0 4 

I/O 

Complementary 3 states 

A cc ^-DI0 1 '~DI0 4 

Ri~R 7 

0 

Open drain 

Segment output or R register output 


0 

Open drain 

R register output 

F!~F 4 

0 

Open drain 

Fi~F 4 «— A cc 

AD 4 AD 10 

0 

Open drain 

BL decode output or externa^ RAM address output 

IDF 

0 

Open drain 

Possible to set, reset and test by command 
(Suitable for printer motor drive signal) 

OD, R/W 

0 

Complementary 

External RAM control output 

T ' 

I 

Pull down 

For test (usually connected to V D d) 

ACL 

I 


Auto clear 


0 

Complementary 

Synchronizing signal terminal 

V f , SYNC 



Frequency control terminal 

Vs, 



Power source for external RAM connection 

V DD , GND 



Power source for logic circuit 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Rating 

Unit 

Note 

Pin voltage 

- 

Vdd 

— 20 — h0.3 

V 

1 

V s 

— 20 — h0.3 

V 

1 

V,N 

— 20-+0.3 

V 

1 

VoUTl 

— 20 — L0.3 

V 

1,2 

VoUT2 

— 40 — L0.3 

V 

1,3 

Operating temperature 

T 

1 opr 

— 10 — H60 

°c 


Storage temperature 

^stg 

-55- + 150 

°C 



Note 1: The maximum applicable voltage on any pin with respect to GND. 
Note 2: Applicable pins include : R/W, DIO1-DIO4, OD, AD1-AD10 
Note 3 : Applicable pins include : R1-R22, F1-F4, IDF 


■ Electrical Characteristics (v DD =-i5.ov±io%, v N =-38v,Ta=-io~+6<rc) 


Parameter 

Symbol 

Conditions 

MIN.- 

TYP. 

MAX. 

Unit 

Note 

Input voltage 

V.H1 


-2.5 



V 

4 

V IL1 

V DD =- 13.5 V 



-10.0 

V 

V,H2 


-0.8 



V 

5 

V,L2 

V DD =- 13.5V 



-10.0 

““ v ; 

Output voltage 

VoHl 

10 = 2mA 

-2.0 



V 

6 

VoLl 

R L =50kO connected to V N 



v n ti 

V 

VoH2 

I Q = — 8mA 

-3.5 



V 

7 

V()L2 

R L = 50k O connected to V N 



V N +1 

V 

VoH3 

Io = ~lniA 

-1.0 



V 

8 

VoL3 

R,L=50kn connected to V DD 



Vdd+1 

V 

Supply current 

Idd 

V DD =- 15.0 V 


-12 


mA 


Cycle time 

t c 



10 

1 

B 1 



Note 4: Applicable pins <* , ft , AK, TAB, KEi~KE 4 
Note 5: Applicable pins ACL, Vf SYNC 
Note 6: Applicable pins Ri~R7, Fi~F 4, IDF 
Note 7: Applicable pins Rs~R 22 
Note 8: Applicable pins ADi~ADio 
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PMOS 4-Bit 1-Chip Microcomputer 


SM-3A 


j I / / l/fllff/// / / / 


■ Applications 

1. Electronic cash register 

2. Hard-Hold electronic calculator with printer 

3. POS terminal 

4. Electronic scale 

5. Vending machine 

6. Microwave oven controller 

7. Electronic sewing machine 

8. Controllers of game machines 

9. Others electronic appliance controllers 

■ System Configuration (for vtr program timer) 


Control signals For channel selection 







PMOS 4-Bit 1-Chip Microcomputer 


SM-100/SM-105 


SM-100/SM-105 Microcomputer P 


■ Description 

The SM-100/SM-105 is a 4-bit single chip 
PMOS microcomputer with 1,134 bytes of ROM, 
and 64 words of RAM. It is well suited for low 
cost systems requiring many I/O control ports. 


■ Features 

1. PMOS process 

2. ROM capacity 1,134X8 bits 

3. RAM capacity 64X4 bits 

4. Instructions 58 

5. Subroutine nesting 2 levels 

6. Input ports 4 bits 

7. Output ports 17 bits 

8. Input/Output ports 1 bit 

9. On-chip clock generator circuit 

10. High voltage outputs ( — 38V) 18 bits 
(only SM-100) 

11. Single power supply — 9V(TYP.) 

12. Instruction cycle 10 jus 

13. 28-pin dual-in-line package 


■ Pin Connections 



r \ 


Rl [I 

o 

28] 0 SCout 

R2 E 

Z7] OSCin 

Rs II 


26] Vdd. 

R4 (T 


m KE 4 

r 5 OE 


m KEs 

Re [6 


11 KE 2 

R? E 


M KEi 

Rs QT 


m t 

R 9 QT 


ACL 

Rio [To 


H IDF 

Rn E 


jH Rl7 

R 12 E 


m Rie 

Rl3 E 


1 Ris 

GND E 


m R 14 


V 

Top View 


i 
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PMOS 4-Bit 1-Chip Microcomputer 


SM-100/SM-105 


■ Block Diagram 


ACL Oscillator 


Output 

Port 



Output Port 


Symbol description 

ALU ! Arithmetic logic unit 

Acc ! Accumulator 

ACL : Auto clear 

C : Carry F/F 

PC I Program counter 

SC ! Stack register of Program counter 


RC ! Stack register of program counter 
DIV : Frequency divider 
CG ! Clock generator 
X ! Temporary register 
ADC ! RAM address register 
S : Flag F/F 



■ Pin Description 


Pin name 

I/O 

Circuit type 

Function 

KE 1 '~KE 4 

I 

Pull down 

A C c-KE 1 -~KE 4 

IDF 

I/O 

Mid voltage* open drain 

Can be set, reset, and tested by instructions 

Ri R 7 

0 

Mid voltage* open drain 

Segment output or R register output 


0 

Mid voltage* open drain 

R register output 

Rl4~Rl7 

0 

Mid voltage* open drain 

Ri 4 ~Ri 7 *“A cc or R register output 

T 

I 


For test (Connected to V DD normally) 

ACL 

I 


Auto clear 

OSC IN , OSCqut 



For clock oscillation 

V DD , GND 



Power supply for logic circuit 


* For SM-100 
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PMOS 4-Bit 1-Chip Microcomputer 


SM-100/SM-105 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 


Vdd 

— 12 — P0.3 

V 

1 

Pin voltage 

Vin 

— 12 — F0.3 

V 

1,2 


VoUT 

— 40 — F0.3 

V 

1,3 

Operating temperature 

T 

A opr 

-10- + 50 

°C 


Storage temperature 

Istg 

— 55 — h 150 

°C 



Note 1: The maximum appl icable voltage on any pin with respect to GND. 
Note 2 : Apply to pins ACL, K1-K4, T, OSCin, OSCout. 

Note 3: Apply to pins Ri~Ri7, IDF. 


■ Recommended Operating Conditions 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage 

Vdd 

-8.1 9.9 

V 

Oscillator frequency 

^osc 

400 (TYP.) 

kHz 


■ Electrical Characteristics (V dd =- 9 .ov + io%, v N =-38v, Ta=25°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 



ViHl 


-1.8 



V 

4 

Input voltage 


V,L1 




V DD +1 

V 


VlH 2 


-0.8 



V 

5 



VlL2 




V DD +1 

V 



< 

O 

X 

Iout == 1mA 

-1.0 



V 



SM-100 

VoLl 

Connect R L =50kfl to V N 



v N + 1 

V 

6 


SM-105 



V DD +1 


Output voltage 


VoH 2 

louT = 8mA 

-1.0 



V 



SM-100 


Connect R L =50kO to V N 



V N 4:1 

V 

f 7 


SM-105 

v OL 2 



v DD + 1 


Current consumption 

Idd 



10 


mA 


Oscillator frequency 

l^OSC 



400 


kHz 

8 


Note 4: Applied to pins KEi — KEi. 

Note 5: Applied to pins ACL, T, IDF. 

Note 6: Applied to pins Ri~R?, IDF. 

Note 7: Applied to pins R8~Ri7. 

Note 8: Reference oscillation : 10 ji s/cycle at 400 kHz 


O SCout 

L_ 


OSC 1N 

AVv 1 


777 


OSC OU T OSCi N 

f W\/ ? 



777 


777 
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PMOS 4-Bit 1-Chip Microcomputer 


SM-110/SM-115 


SM-110/SM-115 Microcomputer 


■ Description 

The SM-1 10/SM-115 is a 4-bit single chip 
PMOS microcomputer with 2,032X9 bits of ROM, 
128 words of RAM, and A/D converter. It is well 
suited for low cost systems requiring many I/O 
control ports. 


■ Features 

1. PMOS process 

2. ROM capacity 2,032X9 bits 

3. RAM capacity 128X4 bits 

4. Instructions 90 

5. Subroutine nesting 6 levels 

6. Input ports 1 1 bits 

7. Output ports 35 bits 

8. Input/Output ports 4 bits 

9. On-chip clock generator circuit 

10. Interrupt function 

External interrupt 1 
Timer interrupt 1 

11. 8 bits A/D conversion 

12. Internal divider (1/50 or 1/60) 

13. High voltage outputs 

( — 35V) 21 bits (only SM-110) 

14. Single power supply — 9V (TYP.) 

15. Instruction cycle 10 /*s 

16. 60-pin quad-flat package 
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SM-100/SM-105 


PMOS 4-Bit 1-Chip Microcomputer 


7 7 / 7 7 7 7 7 7 7 7 7 7 7 7 7 7 


■ Applications 

1. Various types of mechanical controllers for 
video players, vending machines, etc. 

2. Game machines 

■ System Configuration (Video timer) 
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PMOS 4-Bit 1-Chip Microcomputer 


SM-110/SM-115 


Block Diagram 


Input Input /Output 

Port Port 


Output Port 






fmsasaam 



Vdd ACL 

GND 

Symbol description 

ALU i Arithmetic logic unit 
Acc ‘ Accumulator 
ACL : Auto clear 
C ! Carry F/F 




v V ' 2.5kHz 

Input Port Pulse Output Oscillator 


PC : Program counter 

CG ! Clock generator 

DIV ! Divider 

Bm, Bl 1 RAM address register 


D/A converter 
Temporary register 
Comparater 
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PM OS 4- Bit 1-Chip Microcomputer 


SM-1 10/SM-115 


■ Pin Description 


. Pin name 

I/O 

Circuit type 

Function 

- KE!~KE4 

I 

Pull down 

A C c^-KE 1 ~KE 4 

KH 

I 

Pull down 

HF flag set on t ; reset by instruction 

KI : 

I 

Pull down 

IF flag set on T ; reset by instruction 

KT 

I 

Pull down 

External timer signal input (50 or 60Hz) 

kc 1 ~kc 4 

I 


Analog input or A cc *-KCi~KC 4 

' Pl~p 4 

I/O, 

Open drain 

P 1 P 4 * -A-cc 

Qi Q 4 

0 

Mid voltage* open drain 

Qi Q 4 «-A cc 

Rl~Rl6 

0 

Mid voltage* open drain 

R register output 

Zi~Z 14 

0 

Mid voltage* open drain 

Z register output 

T 

I 


For test (Connected to V DD normally) 

ACL 

I 


Auto clear 

F 

0 


2.5 kHz pulse output (System clock- 100kHz) 

*2 + 

0 


Sync signal output 

CL lt CL 2 



For clock oscillation 

Vr, agnd 



A/D conversion standard power supply 

V DD , GND 



Power supply for logic circuit 


* For SM-1 10, Zi pin only is high voltage 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 


Vdd 

-12-4-0.3 

V 

1 

Pin voltage 

V, N 

V DD — 0.3 — h0.3 

V 

1,2 

VoUTl 

V DD — 0.3- + 0.3 

V 

1,3 


YoUT2 

-37 — 4-0.3 

V 

1,4 

Operating temperature 

T 

A opr 

-10-4-70 

°c 


Storage temperature 



— 55 — h 150 

t: 



Note 1: The maximum applicable voltage on any pin with respect to GND. 
Note 2: Applied to pins KHi~KEi, KCi-KCi, Pi~Pi, KI/KH, KT. 

Note 3: Applied to pins F, Pi — P t, Z 2 ~Zi. 

Note 4: Applied to pins Qi~ Qi, Ri~Rks, Zi. 


■ Recommended Operating Conditions 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

V DD 

-9.9 


-8.1 

V 

Reference voltage 

V R 

5/9 V D d — 0.2 


-4.5 

V 
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PMOS 4-Bit 1-Chip Microcomputer 


SM-110/SM-115 


■ Electrical Characteristics (v dd =-9v+io%, v N(MAX .,= -35V, Ta=-io~70'C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input voltage 

V,H L 


-2 



V 

1 

V IL1 




V dd + 2 

V 

1 

VlH2 


-0.8 



V 

2 

V.L2 




-4.5 

V 

2 


VoHl 

I 0 = — 10mA 

-2.5 



V 

3 

| SM-110 

VoLl 

Connect R L = 50kfl to V N . 



V N +1 

V 

3 


V OH 2 

I 0 = “ 1mA 

-0.2 



V 

4 

Output voltage | SM-110 

VoL2 

Connect R L = 50kf2 to V N . 



V N +1 

V 

4 


V()H3 

Io= —0.5mA 

-1 



V 

5 

VoH4 

Iq = 0.2mA 

-1 



V 

6 

VoL4 

I 0 = 10 n A 



Vdd^" 1 

V 

6 

Input current 

Im 

> 

o 

II 

2 

> 


180 

450 

M 

7 

Ir-. 

> 

10 

1 

11 

QS 

> 


900 

1200 

M 

8 

Output current 

^OL3 

V 0 = V DD 

-1 




5 

Current consumption 

Idd 



13 

30 

mA 

10 

Oscillator frequency 

lose 



400 


kHz 

11 

A/D conversion linear error 


V R = -5V 

V d13 = -9V 



±3 

LSB 


A/D conversion zero error 


V r =-5V 

V D d= — 9 V 



+ 3 

LSB 


i — 

A/D coversion full scale error 


Vr= — 5V 

V RD =-9V 



±3 

LSB 


A/D conversion overall error 


V r =-5V 

V dd =-9V 



±3 

LSB 


Reset time 

tACL 

At power up 

20 



ms 

12 



Note 1 
Note 2 
Note 3 
Note 4 
Note 5 
Note 6 
Note 7 
Note 8 
Note 9 
Note 10 
Note 11 


Applied to pins KEi~KEi, Pi~Pi, KI, KH, KT 

Applied to pins KCi~KCi. (When used as a digital input), ACL. 

Applied to pins Rie—Rt) 

Applied to pins Rh~Ri, Q i — Qi, Z ■>. 

Applied to pins P»~Pi, Zi i — Zi 
Applied to pins F. 

Applied to pins KEi~KEi, KI, KH, KT. 

Applied to pins Vr. (current flowing into ladder resistance for A/D conversion). 
Applied to pins Ri 6 ~Ri, P t — Pi, Q t — Qi, Zi » — Zi. 

Measured in no-load condition. 

Externally connected to oscillation circuit. 

CF : Ceramic oscillator 

KBR-400B(made by Kyocera Corp.) 

Rf : 1M H 

Ci : 220pF, C 2 : 220pF Vim 


CL 

9 


CL 2 

9 

Rr 

-AAA/ ♦ 


±Ci CF 
ltT 


ALC 


7 U 



56kn 


Note 12: The time for reset of “Low” signal that is applied to the ACL terminal after supply voltage returns to rated level. 
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PMOS 4-Bit 1-Chip Microcomputer SM-11 0/SM-115 


■ Applications 

1. Microwave oven controllers 

2. Blood pressure monitors 

3. Controllers for home appliances and audio 
equipment 

I System Configuration (Microwave oven controllers) 


Fluorescent tube display 
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PMOS 4-Bit 1-Chip Microcomputer 


SM-111/SM-116 


SM-lll/SM-116 Microcomputer 


■ Description 

The SM-lll/SM-116 is a 4 -bit single chip 
PMOS microcomputer with 4,064X9 bits of ROM, 
192 words of RAM, and A/D converter. It is well 
suited for low cost systems requiring many I/O 
control ports. 


■ Features 

1. PMOS process 

2. ROM capacity 4,064X9 bits 

3. RAM capacity 192X4 bits 

4. Instructions 90 

5. Subroutine nesting 6 levels 

6. Input ports 1 1 bits 

7. Output ports 35 bits 

8. Input/Output ports 4 bits 

9. On-chip clock generator circuit 

10. Interrupt function 

External interrupt 1 
Timer interrupt 1 

11. 8 bits A/D conversion 

12. Internal divider (1/50 or 1/60) 

13. High voltage outputs ( — 35V) 21bits (only 
SM-111) 

14. Single power supply — 9V (TYP.) 

15. Instruction cycle 10 //s 

16. 60-pins quad-flat package 


■ Pin Connections 


Q 

gaol ^ ^ w ^ 00 Ci H h h h 

SaJNNNNNNONNNNNNN 
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PMOS 4-Bit 1 -Chip Microcomputer SM-111/SM-116 


Block Diagram 


Input Input /Output 
Port Port 


Output Port 


< 26 Y 27 Y 28 Y 29 Yl 9 Y 20 Y 2 lY 22 Yl 0 YllYl 2 Yl 3 Y 9 Y 7 Y 6 Y 5 Y 4 Y 3 r 2 Y 60 Y 59 Y 5 8 Y 57 Y 56 Y 55 X 54 Y 53 Y 52 Y 44 Y 43 Y 42 Y 4 lY 40 Y 39 Y 37 T 36 Y 35 T 34 Y 33 Y 32 Y 3 lT 3 q; 


LZ 


W 






7 



Dec< 

1 

>der 

i 


Stack 
Register I 
(6 levels) I 


PC 


ROM 
1(4,064X9) I 


Control 
and Judge 
Interrupt 


C — Acc(4) 


X(4) 


^7 


Bm 


Bl 


RAM 
(192X4) I 


SB 



& 


ACL | 


TF 

IF 


HF 


Timer 


DIV 


CG 


(38X8X14)-^- 

^-^Vdd ACL 
GND 

Symbol description 

ALU ! Arithmetic logic unit 
Acc I Accumulator 
ACL I Auto clear 
C I Carry F/F 


H@Hg)--(45) (gh- 


2.5kHz 

Input Port Pulse Output Oscillator 


Analog 
\ Input 
Port 


A Reference 
i) f Voltage 


PC Program counter DA 

CG i Clock generator X 

DIV I Divider CF 

Bm, Bl • RAM address register 


D/A converter 
Temporary register 
Comparater 


50 


SHARP 

























PMOS 4-Bit 1-Chip Microcomputer 


SM-111/SM-116 


■ Pin Description 


Pin name 

I/O 

Circuit type 

Function 

KE!~KE 4 

I 

Pull down 

A cc -KE 1 ~KE 4 

KH 

I 

Pull down 

HF flag set on t ; reset by instruction 

KI 

I 

Pull down 

IF flag set on t ; reset by instruction 

KT 

I 

Pull down 

External timer signal input (50 or 60Hz) 

KC!~KC 4 

I 


Analog input or A cc ^KC 1 ~KC 1 

Pi~P 4 

I/O 

Open drain 

P 1 ~ P4 *~&cc 

Qi ~Q 4 

0 

Mid voltage* open drain 

Qi Q4*~a cc 

Pi ~Pio 

0 

Mid voltage* open drain 

R register output 

Zi ~Z 14 

0 

Mid voltage* open drain 

Z register output 

T 

I 


For test (Connected to V DD normally) 

ACL 

I 


Auto clear 

F 

0 


2.5 kHz pulse output (System clock- 100kHz) 

0 2 + 

0 


Sync signal output 

CL^ CL 2 



For clock oscillation 

V r , agnd 



A/D conversion standard power supply 

V DD , GND 



Power supply for logic circuit 


* For SM-111, Zi pin only is high voltage. 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 


Vdd 

— 12 — K0.3 

V 

1 

Pin voltage 

v IN 

V D d - 0.3 — H0.3 

V 

1,2 

VoiiTl 

V dd - 0.3 ~ + 0.3 

V 

1,3 


VoUT2 

— 37 h0.3 

V 

1,4 

Operating temperature 

T„ or 

-10- + 70 

°C 


Storage temperature 

Lit* 

— 55 — F 150 

°C 



Note 1: The maximum applicable voltage on any pin with respect to GND. 
Note 2: Applied to pins KEi-KEi, KCi~KCi, Pi — Pi. KI, KH, KT. 

Note 3: Applied to pins F, Pi — Pi, Z 2 —Z 1 . 

Note 4: Applied to pins Qi — Q 1 , Ri~ Rig, Zi. 


■ Recommended Operating Conditions 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vdd 

-9.9 


-8.1 

V 

Reference voltage 

Vr 

5/9 V DD — 0.2 


-4.5 

V 
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PMOS 4-Bit 1-Chip Microcomputer 


SM-1 11 /SM-1 16 


■ Electrical Characteristics (v di >=-9v±io%, v N(MAX . ) =-35V,Ta=-io.~70t:) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input voltage 

V„„ 


-2 



V 

1 

V IL 1 




Vdd + 2 

V 

1 

V,„2 


-0.8 



V - 

2 

V IL2 




-4.5 

V 

2 


Vom 

I 0 = — 10mA 

-2.5 



V 

3 

| SM-1 1 1 

Vou 

Connect R L = 50kl7 to V N . 



V N +1 

V 

3 


Voh2 

I 0 = 1mA 

-2 



v- 

4 

Output voltage | SM-1 11 

V 0 L2 

Connect Rj =50k£2 to V N . 



Vn + 1 

V 

4 


VoHS 

I 0 — —0.5mA 

-1 



V 

5 

VoH4 

I 0 = 0.2mA 

-1 



V 

6 

VoL4 

I o =10^A 



V DD +1 

V 

6 

Input current 

IlN 

v 1N =ov 


180 

450 

M 

7 

Ir 

> 

LO 

1 

II 

OS 

> 


900 

1200 

M 

8 

Output current 

IoL3 

V 0 — Vdd 

-1 



M 

5 

Current consumption 

Idd 



13 

30 

mA 

10 

Oscillator frequency 

lose 



400 


kHz 

11 

A/D conversion linear error 


Vr— — 5V 

V dd =-9V 



+ 3 

LSB 


A/D conversion zero error 


Vr = — 5V 

V dd =-9V 



±3 

LSB 


A/D coversion full scale error 


Vr= — 5V 

V dd =-9V 



±3 

LSB 


A/D conversion overall error 


V r = -5V 

V dd =-9V 



±3 

LSB 


Reset time 

1-ACL 

. At power up 

20 



ms 

12 


Note 1: Applied to pins KEi~KEi, Pi~Pi, KI, KH, KT 

Note 2: Applied to pins KCi~KCi. (When used as a digital input), ACL. 

Note 3: Applied to pins Rie—Rs 

Note 4: Applied to pins Rh~Ri, Qi~Qi, Zi. 

Note 5: Applied to pins Pi~Pi, Zi i — Zi 

Note 6: Applied to pin F. 

Note 7: Applied to pins KEi~KEi, KI, KH, KT. 

Note 8: Applied to pin Vr. (current flowing into ladder resistance for A/D conversion). 

Note 9: Applied to pins Rie~Ri, Pi — Pi, Q i — Qi, Zi i — Zi. 

Note 10: Measured in no-load condition. 

Note 11: Externally connected to oscillation circuit. 

CF : Ceramic oscillator 

KBR-400B(made by Kyocera Corp.) 

Rf : 1MO 

Ci : 220pF, C 2 : 220pF 


CLi 

9 

Rf 

f WV~ 


- 101 - 


r 


CF 


CL 2 

9 


777 


C 2 


Vd.) 



Note 12: The time for reset of “Low” signal that is applied to the ACL terminal after supply voltage returns to rated level. 
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PMOS 4-Bit 1-Chip Microcomputer 


SM-114 


SM-114 


PMOS 4-Bit 1-Chip Microcomputer 


■ Description 

The SM-114 is a 4 -bit single chip PMOS micro- 
computer with 4,064X9 bits of ROM, 192X4 bits 
of RAM, 8~bit A/D converter, timer/counter and 
remote control signal receiver. 

It is best suited to controllers which measure 
temperature and humidity of analog value from a 
sensor. 


■ Features 

1. PMOS process 

2. ROM capacity 4,064 X 9 bits 

3. RAM capacity 192X4 bits 

4. Instructions 92 

5. Subroutine nesting 6 levels 

6. Input ports 8 bits 

7. Output ports 17bits 

8. Input/Output ports 24 bits 

9. Timer/counter 

7- bit 1 

8- bit 1 

10. Interrupt functions 

External interrupt 1 
Timer interrupt 2 

11. 8-bit A/D conversion 

12. Remote control signal receiver 

13. Single power supply — 9V(TYP.) 

14. Instruction cycle 10//s(TYP.) 

15. 60-pin quad-flat package 


Pin Connections 


NNNNNN N oNNNNNNN 
[4^l4^|01|^|4TlPl|39||38l|37l[36|^||34l[33l[32|P 


FH 

VrEz 

KCM 

Kc 2 m 

KCiH 

KCoEE 

R33H 

R3 2 |! 

R3iE 
R3o(55 
R23IH 
R2 2 HZ 
R2i m 
R2ol 
|AGND(60 



Id Id l3jyi5Jl6jL7j[^L^yinJll|ll3j|14jll/ 

o > 1^* 

Top View 
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PMOS 4-Bit 1-Chip Microcomputer 


SM-111/SM-116 


■ Applications 

1. Microwave oven controllers 

2. Blood pressure monitors . 

3. Controllers for home appliances and audio 
equipment 

■ System Configuration (Microwave oven controllers) 


Fluorescent tube display 



•SHARP 
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PMOS 4-Bit 1-Chip Microcomputer 


SM-114 


■ Block Diagram 


Input'Output Port 



Output 

Port 


Input 

Port 


ALU '• Arithmetic logic unit 
Ace : Accumulator 
ACL : Auto clear 
C : Carry F F 
CY : Over flow F F 
B : RAM address register 


PC : Program counter 

SR • Stack register of program counter 

SP : Stack pointer 

INT : Interrupt control unit 

CG • Clock generator 


RCU : Remote control unit 
D/A : D A converter 

COMP : Comparator 

DIV : Divider 

Vr : Reference Voltage 


SHARP 
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PMOS 4-Bit 1-Chip Microcomputer 


SM-114 


■ Pin Description 


Pin name 

I/O 

Circuit type 

Function 

kc 0 ~kc 3 

I 


Analog input or Acc**— KC () — KC 3 

KL 

I 

Pull down* 

For optical remote control circuit 

KI, KH 

I 

Pull down* 

IF, HF flag set on f 

KT 

I 

Pull down* 

External timer signal input 

Po~P :i 

Q<)~Q3 

R0 o ~R3 :) 

I/O 

Open drain/Pull down* 

P 0 -P 3 

Acc— Qo~Q 3 R0,R1,R3— RAM 

RO, Rl, R3 

Zo~Z 15 

0 

Open drain/Pull down* 

Can be set, reset individually 

F 

0 


Sound output 

TA, TB 

I 

Pull down 

For test (Connected to V DD normally) 

ACL 

I 


Auto clear 


0 


System clocjc output 

CL t , Cl 2 



For clock oscillation 

V R , AGND 



A/D coversion standard power supply 

V DD , GND 



Power supply for logic circuit 


*Mask option 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 


Vdd 

— 12~ +0.3 

V 


Pin voltage 

V,N 

(V dd -0.3)~ + 0.3 

V 

1 


VoiTT 

(V dd -0.3)~+0.3 

V 


Operating temperature 

T 

1 opr 

1 

O 

1 

+ 

O 

°c 


Storage temperature 



| —50 b 150 

°c 



Note 1: The maximum applicable voltage on any pin with respect to GND. 


■ Recommended Operating Conditions 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vdd 

-9.9 

■ 

-8.1 

V 

Reference voltage 

V R 

-4.5 


5/9V DD — 0.2 

V 


SHARP 
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PMOS 4-Bit 1-Chip Microcomputer 


SM-114 


■ Electrical Characteristics (v cc =-9v±io%,Ta=-io~70t:) 


Parameter 

Symbol 

Conditions 

! Ratings 

Unit 

Note 

MIN. 

TYP. 

MAX. 


ViHl 


-1 



V 

1 


v IL1 




V DD +1 

V 

Input voltage 

ViH2 


-2 



V 

2 

v, L2 




V DD +1 

V 


V IH3 


-0.8 



V 

3 


V,L3 




Vdd+1 

V 


VoHl 

Iq == 2mA 

-1 



V 

4 

Output voltage 

VoLl 

I 0 — 20 ju A 


V DD +1 

V DD + 1.5 

V 

VoH2 

I 0 = — 2mA 

-1 



V 

5 


VoL2 

R L =50kf) 



V DD +1 

V 

Input current 

III! 1 

V 1N = 0V 


180 


M 

6 

Ir 

> 

LO 

1 

11 

DC 

> 


500 

900 


7 

Current consumption 

Idd 



20 


mA 

8 

Oscillator frequency 

fosc 



400 


kHz 

9 

A/D conversion linear error 


V r = -5V 



±3 

LSB 


A/D conversion zero error 


V r =-5V 



±3 

LSB 


A/D conversion full scale error 


V r =-5V 



±3 

LSB 



Note 1: Applied to pins ROa~ROo, Rla — Rlo, R2:i~R2<>, R3:i~R3o, P:s ~ Po, Q:i~Qo 

Note 2: Applied to pins KI, KH, KL, KT 

Note 3: Applied to pins KOi — KCo (when used as a digital input), ACL. 

Note 4: Applied to pins RCh — ROo, Rl:*~Rlo, R2:i~R2o, R3:*~R3o, Pa — Po, Q:{~Qo, Zir>~Zo, F 
(when an internal pull-down resistance is attached to R, P, Q, and Z) 

Note 5: Applied to pins RO;i~ROo, Rla—Rlo, R2:i~-R2o, R3:5~R3o, P:i~Po, Q:i~Qo, Zir>~Zo 
(when an internal pull-down resistance is not attached). 

Note 6: Applied to pins RO:s~ROo, Rlu—Rlo, R2a~R2o, R3:5~R3o, Pa — Po, Q;{~Qo, KI, KH, KL, KT 
(when an internal pull-down resistance is attached) 

Note 7: Applied to pin Vr (current folwing into ladder resistance for A/D conversion) 

Note 8: Measured in no-load condition. 

Note 9: Externally connected to oscillation circuit 




Rf = 1MH 
Ci = 220 P F 
C 2 =220pF 


7k 7k 
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PM OS 4- Bit 1-Chip Microcomputer 


SM-114 


■ System Configuration (Controllers) 
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PMOS 4-Bit 1-Chip Microcomputer 


SM-120 


PMOS 4-Bit 1-Chip Microcomputer 

■ Description 

The SM-120 is a 4-bit single chip PMOS micro- 
computer with 1,536 bytes of ROM, 64 words of 
RAM, and a 17- stage divider. It is well suited for 
low cost systems requiring many I/O control ports. 


■ Features 

1. PMOS process 

2. ROM capacity 1,536X8 bits 

3. RAM capacity 64X4 bits 

4. Instructions 54 

5. Subroutine nesting 2 levels 

6. Input ports 9 bits 

7. Output ports 26 bits 

8. External ROM expandable (512X8 bits) 

9. On-chip clock generator circuit 

10. Internal 17-stage divider with reset (timer cir- 
cuit) 

11. Alarm sound generator circut 

12. High voltage outputs ( — 38V) 19 bits 

13. Single power supply — 9V (TYP.) 

14. Instruction cycle 10 /us 

15. 44-pin quad-flat package 


■ Pin Connections 


H&hDhDhCuOCuOhPhIXCU 



SM-120 


SHARP 
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PMOS 4-Bit 1-Chip Microcomputer 


SM-120 


■ Block Diagram 


Output Port Output Port 

A*. _ Output 

/ "N f \ 



Symbol description 

ALU ! Arithmetic logic unit 
Acc • Accumulator 
ACL : Auto clear 
PC : Program counter 


SRi,SR 2 • Stack register of program counter 

DIVo, DIVi, DIV 2 : Divided 

CG ' Clock generator 

H, L ' RAM address register 
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PMOS 4-Bit 1-Chip Microcomputer 


SM-120 


■ Pin Description 


Pin 

I/O 

Type of circuit 

Function 

Pio~P 13 

I 

Pull down 

A C c^Pio~Pi3 

P 20 P 23 

I 

Pull down 

A-cc*~P2o P 23 

PI 

I 

Pull down 

PI flag set by t , reset by command 

Bio~Bi 3 

0 

Pull down 

Bio~B 13 <— A cc 

R 

0 

Pull down 

Possible to set, reset, or CE signal output 

0 

0 

Pull down 

Possible to set and reset 

S 0 ~S 7 

0 

Open drain 

Display segment signal output or internal ROM 
data output 

Bo~D 10 

0 

Open drain 

Display digit signal output 

F 

0 

Pull down 

Alarm sound output 

T 

I 

Pull down 

For test 

ACL 

I 

Pull down 

Auto clear 

OSCin, OSCout 



Clock oscillation 

V DD , GND 



Power source for logic circuit 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Rating 

Unit 

Note 

Pin voltage 

V DD 

— 20 — b0.3 

V 

1 

V,N 

— 20 — h0.3 

V 

1,2 

VoiTTl 

— 20 — h0.3 

V 

1,3 

VoUT2 

-40-+0.3 

V 

1,4 

Operating temperature 

T 

1 opr 

— 10 — K65 

°c 


Storage temperature 



— 55 — (-150 

°C 



Note 1: The maximum applicable voltage on any pin with respect to GND. 

Note 2: Applicable to inputs 

Note 3: Applicable Pins Bio~Bi3, 0, OSCout, R, F 

Note 4: Applicable Pins Do~Dio, So~S? 


■ Operating Conditions 


Parameter 

Symbol 

Specified value 

Unit 

Note 

Supply voltage 

Vdd 

-8.1 9.9 

V 


Oscillator frequency 

lose 

300—800 

kHz 

5 


Note 5: Frequency supplied to OSCin Pin. 
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PMOS4-Bit 1 -Chip Microcomputer 


SM-120 


■ Electrical Characteristics (v DD =-9.o±io%,v N =-36v,Ta=-io~+65' > C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input voltage 

V,H1 


-3.5 



V 

6 

V,L1 




-7.0 

V 

V.H2 


-1.5 



V 

7 ' 

V, L2 




-7.0 

V 

Input current 

IlHl 

V in =GND 



200 

M 

8 

IlLl 

Vi N =V dd ' 



-10.0 

M 

IlH2 

V in =GND 



700 

M 

9 

hh2 

Vin— V DD 



-10.0 

M A 

IlH3 

V in =GND 



5.0 

M A 

10 

IlL3 

V IN ==V DD 



-10.0 

M 

Output voltage 

VoHl 

I 0 h — 6.0mA 

-2.5 



V 

11 

VoLl 

R L =50kO connected to V N 



V N +1.0 

V 

VoH2 

Iqh = 2.0mA 

-2.0 



V 

12 

^OL2 

R L = 50kfl connected to V N 



V N +1.0 

V 

VoH3 

Iqh — 0.5mA 

-3.0 



V 


V()L3 

Iol = 50 /iA 



V dd +1.5 

V 

V OL3 

200 p.A 



V dd +3.0 

V 

VoH4 

Ioh == 1.0mA 

-1.5 



V 

14 

Y OL4 

Iol = 50 fi. A 



V DD + 1.5 

V 

V' 0 L4 

I ol =200M 



V dd +3.0 

V 

VoH5 

Iqh" 1.0mA 

-1.5 



V 

15 

VoL5 

Iol = 100 fj.A 



Vdd+1.5 

V 

V OL5 . 

Iol = 300 {J.A 



V dd +3.0 

V 

Current consumption 

Idd 



20 


mA 



Note 

6 

Note 

7 

Note 

8 

Note 

9 

Note 

10 

Note 

11 

Note 

12 

Note 

13 

Note 

14 

Note 

15 


Applicable pins Pio~Pi3, P20—P23 
Applicable pins PI, ACL, OSCin, T 
Applicable pins Pio~Pi8, P20—P23, PI, T 
Applicable pin ACL 
Applicable pin OSCin . 

Applicable pins Dio~Di3 
Applicable pins So~S7 
Applicable pins Bio~Bi3, F 
Applicable pins R, 0 
Applicable pin OSCout 
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PMOS 4-Bit 1-Chip Microcomputer 


SM-120 


■ Applications 

1. VTR timer 

2. Electronic home appliance controller 

3. Game machine 


I System Configuration (for 5X7 dot matrix fluorescent display tube drive) 



Key matrix 


SHARP 


63 


llllllll 





NMOS 4-Bit 1-Chip Microcomputer 


SM-200 


/ / I I 7 / / / / j / / / / 7 7 / 


SM-200 


NMOS 4-Bit 1-Chip Microcomputer 


■ Description 

The SM-200 is 4-bit single chip NMOS micro- 
computer with 3,072X9 bits of ROM, 132 words of 
RAM, automatic display circuit, and a 16-stage 
divider. It is well suited for low cost systems re- 
quiring many I/O control ports. 


■ Features 

1. NMOS process 

2. ROM capacity 3,072X9 bits 

3. RAM capacity 128X4+16 bits 

4. Instructions 100 

5. Subroutine nesting 3 levels 

6. Input ports 10 bits 

7. Output ports 37 bits 

8. Input/Output ports 4 bits 

9. Enable 8 bits parallel input/output 

10. Externally ROM/RAM expandable 

11. External interrupt function 

12. Internal 16-stage divider with reset 
(timer circuit) 

13. Serial interfaces 8 bits 

14. On-chip clock generator circuit 

15. Single power supply 5V (TYP.) 

16. Instruction cycle 10 jus 

17. 60-pin quad-flat package 


■ Pin Connections 



— ——SHARP — — — 
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NMOS 4-Bit 1-Chip Microcomputer 


SM-200 


■ Pin Description 


Pin 

I/O 

Type of circuit 

Function 

£ 

l 

o 

I 

Pull down 

Acci*-Ko~K 3 

II 

I 


Set by t , reset of after test instruction execution 

h 

I 


Internal clock period type, test possible 

CT 

I 

Open 

For pulse count per unit time 

PlO~Pl3 

I 

Pull down 

Acci“*-Pio~Pi 3 , Instruction code input for external 
ROM 

^20 ^23 

I/O 

Pull down for input 

Acc 2 P 20 P 2 3 » Instruction code input for external 
ROM data transter from/to RAM for external RAM 

RW 

0 


Set, reset by instruction ; chip select for external ROM 
Connected to RW pin for external RAM 

OD 

0 


Set, reset by instruction ; Instruction code input for 
external ROM ; connected to OD pin for external RAM 

Eo~p3 

0 


Eo~E 3 «— A C ci 

BlO~Bi3 

0 


Bio~B 13 ^Acci ; 

B 20 B 2 3 

0 


B20~B23 ,4 ’"AcC2 

p 

0 


Set, reset by instruction 

Bo~D u 

0 


Display digit signal output ; Address signal output for 
external ROM, RAM 

O 

0 

\ 

O 

0 

0 


Display segment signal output 

F 

0 


Alarm sound output 

INT 

I 

Pull down 

Set of INT F/F by t 

ACL 

I 

Pull down 

Auto clear 

OSC IN , OSCout 



Clock oscillation 

V DD , GND 



Power supply for logic circuit 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 

Pin voltage 

Vdd 

— 0.5 — 1-7 

V 

1 

V,N 

— 0.5 Vdd + 0.3 

V 

Operating temperature 

T„„ r 

— 10 — b65 

°C 


Storage temperature 

Xstg 

-55- + 150 

°c 



Note 1: The maximum applicable voltage on any pin with respect to Vss (GND) 


■ Operating Conditions 


Parameter 

Symbol 

Specified value 

Unit 

Supply voltage 

Vdd 

4.5~5.5 

V 

Oscillator frequency 

fosc 

262.144 

kHz 
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NMOS 4-Bit 1-Chip Microcomputer 


SM-200 


■ Block Diagram 


Divided 

Display Segment Output Display Digit Output Interrupt Frequency 



Symbol description 


ALU 

Acci, ACC2 

ACL 

C 

PC 

SRi, SR2, SR3 


: Arithmetic logic unit 
! Accumulator 
! Auto clear 
! Carry F/F 
! Program counter 
! Stack register of program counter 


CG ' Clock generator 
DIV I Divider 

H,L I RAM address register 
SD I Segment decoder 
DD : Digit decoder 
X,Y 1 Temporary register 
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NMOS 4-Bit 1-Chip Microcomputer 


SM-200 


■ Electrical Characteristics (V DD =5V, v ss =gnd, f OS c= 262 kHz, Ta=25°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input voltage 

V,«i 


2.4 


5 

V 

2 

V,L1 


0 


0.5 

V 

V,H2 


2.4 


5 

V 

3 

Vl L2 


0 


0.6 

V 

Input current 

IlHl 

V 1N = 5V 


15 

50 

M 

4 

I.L1 

V 1n =GND 


-1 

-10 

M 

IlH2 

V 1n = 5V 


1 

10 

M 

5 

llL2 

V 1n =GND 


-1 

-10 

M 

IlH3 

Vih = 5V 


5 

25 

M 

6 

IlH4 



15 

50 

M 

7 

llL4 





M 

Output voltage 

Von i 

Icn^ 10 A*A 

3.6 


5 

V 

8 

V on i 

Ion = 0.2mA 

2.4 


5 

V 

VoLl 

i Iol 1 =0.1 5mA 

0 


0.5 

V 

Von 2 

Ion == 2 5 fxh. 

3.6 

. 

5 

V 

9 

V on 2 

I O n~0.6mA 

2.4 


5 

V 

V 0 L2 

1 Ioi. 1 =0.25mA 

0 


0.5 

V 

Von 3 

Ion = 10 //A 

3.6 


5 

V 

10 

v OH 3 

Ion — 0.4mA 

2.4 


5 

V 

VoL3 

1 Iol 1 —0.3mA 

0 


0.5 

V 

VoH4 

Ion = 10 fJ- A 

3.6 


5 

V 

11 

V OH4 

Ion = 0.3mA 

2.4 


5 

V 

V 0 L4 

1 Iol 1 = 0.3mA 

0 


0.5 

V 

VoH5 

Ion = 10 ^A 

3.5 


5 

V 

12 

V'oH5 

Iqh = 0.3 mA 

2.4 


5 

V 

VoL5 

1 I OL 1 =50 ptA 

0 


0.5 

V 

VoH6 

Iqh == 0.2mA 

2.4 


5 

V 

1 13 

VoL« 

1 Iol 1 =0.25mA 

0 


0.5 

V 

VoH7 

Ion = 0.1 5mA 

2.4 


5 

V 

14 

V 0 L7 

1 I OL 1 =0.1 5mA 

0 


0.5 

V 

V OH8 

Ioh == 50/lA 

3.6 


5 

V 

15 

VoL8 

I I OL 1 =50 //A 

0 


0.5 

V 

Current consumption 

Idd 

Open all input and output pins 


32 

56 

mA 



Note 2 : 

Applicable pins Pio— Pi 3 , J i — J2, INT, CT, ACL, P20— 

Note 9 

Applicable pins So— S? 


P23 in input mode, OD in input mode. 

Note 10 

Applicable pin RW 

Note 3 : 

Applicable pins Ko— K3 

Note 11 

Applicable pin F 

Note 4 : 

Applicable pins Pio— P13, Ko— K3, Ji, J2, INT, P20— P23 

Note 12 

Applicable pins Do— D11 - 


in input mode, OD in input mode 

Note 13 

Applicable pin OD in output mode 

Note 5 : 

Applicable pin CT 

Note 14 

Applicable pins P20— P23 in output mode 

Note 6 : 

Applicable pin OSC IN 

Note 15 

Applicable pin OSCout 

Note 7 : 

Applicable pin ACL 



Note 8 : 

Applicable pins Bio— B13, B20— B23, Eo~ E3, Oi — O3 




■ Applications 

1. General-purpose program timer 

2. Controllers for electronic home appliances, 
Audio equipment, Office machines 

3. Door chime, Home security system 

4. Hand-held calculator with printer 

5. Cash register 


6. Copy machine controller 

7. Vending Machine 

8. Radio cassette tape recorder and PLL controller 

9. TV remote control and channel controller 


•SHARP 


Alarm output - 


tF-"- 

Crystal 

(262.144kHz) ^ 



FU output 


Pi 3 Pi 2 F P23 P22 P21 P20 VssPn P10 K3 K2 Ki Ko E3 
OSCin (GND) E: 

OSCout E: 

CT Ei 

OD 0 ; 


tF1 INT 


FU output (2) 

-(Output level reverses on each FU input) 
-►MT output 

— * PCs output Melody output 


Radio ON /OFF 


Counter control 
E output 

Count direction 
Count pulse 


|PLL shift register clock | 
PLL shift register terminal 



Audio 

amplifier 


Radio & 
Melody 


... 1 1 

n 2 n 

1 — 1 M 1 — i 1 — i s fi ch 

AM 1 1 

1 1 • 1 1 

L 1 1 1 0N 

PM |_J 

1 1 • 1 1 

1 1 1 1 1 1 1 J OFF 


System Configuration (for multipurpose controller) 









CMOS 4-Bit 1 -Chip Microcomputer 


SM-4A 


CMOS 4-Bit 1-Chip Microcomputer 

■ Description 

The SM-4A is a 4-bit single chip CMOS micro- 
computer with 2,268 bytes of ROM, 96 words of 
RAM, a 15-stage divider and 68-segment liquid 
crystal driver circuits. It is well suited for ap- 
plications of low power hand-held equipment with 
many liquid crystal display segments. 


■ Features 

1. CMOS process 

2. ROM capacity 2,268X8 bits 

3. RAM capacity 96X4 bits 

4. Instructions 54 

5. Subroutine nesting 1 level 

6. Input ports 6 bits 

7. Output ports 40 bits 

8. Input/Output ports 4 bits 

9. On-chip 50-stage divider with reset 
(timer circuit) 

10. External RAM driver (256X4 bits) 

11. Direct LCD driver circuits (3V, 1/2 duty, 
1/2 bias and 68 segments MAX.) 

12. Standby mode (10 /uk current consumption) 

13. Single power supply — 3V (TYP.) 

14. Instruction cycle 61 /us 

15. 60-pin quad-flat package 


■ Pin Connections 

060666666606660 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-4A 


■ Block Diagram 


Segment Output 



Symbol description 


ALU • Arithmetic logic unit 

Ace • Accumulator 

ACL Auto clear 

C ‘ Carry F/F 

Cx, Ca, Pu, Pl * Program counter 

Cs, Su, Sl • Stack register of program counter 


Bm, Bl ' RAM address register 

DIV ' Frequency divider 

PLA I Programable logic array 

CG ’ Clock generator 

Wi ~ W4, Wi ' ~ W4 ' ^ Static shift register 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-4A 


■ Pin Description 


Pin 

I/O 

Type of circuit 

Function 

K!~K 4 

I 

Pull down 

Acc 4 — Kx ~K 4 

a 

I 

Pull down 

Set by t , reset after test instruction execution 

p 

I 

Pull down 

Input signal is held for 1 instruction, test possible 

DI0x~DI0 4 

I/O 

3 -state output 

Acc~DIOi~DI0 4 

Ri ~R 4 

0 

Complementary 

Ri — R 4 «— Acc 

Oii~0 48 

OSx, 0S 2 

0 


Output of W and W' registers’ content ; used for LCD 
segment output 

Hi,H 2 

0 


3-state level output possible, used for LCD common 
output 

BA 

I 

Pull up 

For low voltage detection circuit 

t„t 2 

I 


For test (usually connected to V DD ) 

ACL 

I 


Auto clear 

OSC IN , OSCqut 



For clock oscillation 

V M 



Power supply for LCD driver 

gnd, v dd 



Power supply for logic circuit 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 


Vdd 

— 3.5 — b0.3 

V 


Pin voltage 

Vm 

— 3.5~ + 0.3 

V 

1 


VlN 

V DD ~0.3~+0.3 

V 


Operating temperature 

T„ Dr 

— 5 — K55 

°C 


Storage temperature 

Isis 

— 55 — 1-150 




Note 1: The maximum applicable voltage on any pin with respect to GND. 


■ Operating Conditions 


Parameter 

Symbol 

Specified value 

Unit 

Supply voltage 

Vdd 

-3.2 2.6 

V 

Supply voltage 

V m 

V dd /2 (TYP.) 

V 

Oscillator frequency 

fosc 

32.768 (TYP.) 

kHz 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-4A 


■ Electrical Characteristics (v DD =-3.2~-2.6V, Ta=25°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. •! 

MAX. 

Unit 

Note 

Input voltage 

Vim, 


-0.6 



V 

2 

V IL1 




V dd +0.6 

V 

V, (I2 


-0.3 



V 

3 

V[L2 




V dd + 0.3 

V 

Output voltage 

VoHl 

Iout =: 50 fik to V DD 

-0.5 



V 

4 

VoLl 

Iout^S /uA to GND 



V dd +0.5 

V 

VoH2 

Iout = 50 fiA to V D d 

-0.5 



V 

5 

VoL2 

I out = 30 jllA to GND 



V D d+0.5 

* V 

VoH3 

Iout = 50 //A to V DD 

-0.5 



V 

6 

VoL3 

louT — 50 fiA to GND 



Vdd + 0.5 

V 

VOA 

No load 

V dd =-3.0V 

Vm=-1.5V 

-0.3 



V 

7 

V OB 


-1.5 


V 

Voc 



-2.7 

V 

Output current 

Iso 

V olrr =-0.2V 

Vout — V D d+0.2V 

100 



M 

8 

IsiN 

100 



M 

Current consumption 

Ida 

In full-range operation 


50 

100 

h A 


Ids 

When system clock is stationary 


10 

20 

M 


Note 2: Applicable pins Ki, K2, K3, Ki, « , 

Note 3: Applicable pin ACL 

Note 4: Applicable pins O48—O11, Osi, Os2 

Note 5: Applicable pins DIOi—DIOi 

Note 6: Applicable pins R2, R3, Ri 

Note 7: Applicable pins Hi, H 2 

Note 8: Applicable pin Ri 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-4A 


■ Applications 

1. Hand-held calculator with clock function 

2. High-quality clock 

3. Cash register 

4. General-purpose timer 

5. Electronic scale 

6. Game machine 

7. Vending machine 

8. Controllers for electronic home appliances 
and audio equipment 


I System Configuration (for radio pll controller) 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-5A 


CMOS 4-Bit 1-Chip Microcomputer 

■ Pin Connections 

The SM-5A is a 4-bit single chip CMOS micro- 
computer with 1,827 bytes of ROM, 65 words of 
RAM, a 15-stage divider and 72-segment liquid 
crystal driver circuit. It is well suited for ap- 
plications of low power hand-held equipment with 
many liquid crystal display segments. 


■ Features 

1. CMOS process 

2. ROM capacity 1,827X8 bits 

3. RAM capacity 65X4 bits 

4. Instructions 51 

5. Subroutine nesting 1 level 

6. Input ports 6 bits 

7. Output ports 42 bits 

8. On-chip 15-stage divider with reset 
(timer circuit) 

9. Direct LCD driver circuit 

(3V, 1/2 duty, 1/2 bias and 72 segments 
MAX.) 

10. On-chip crystal-controlled oscillator 
(32.768kHz) 

11. Standby mode (10 jjl A current consumption) 

12. Single power supply — 3V (TYP.) 

13. Instruction cycle 61 /us 

14. 60-pin quad-flat package 



SM-5A 

■ Description 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-5A 


■ Block Diagram 


Segment Output 



Symbol description 

ALU : Arithmetic logic unit 
Acc • Accumulator 
CG • Clock generator 
ACL * Auto clear 
DIV I Frequency divider 
C : Carry flag 


Cf ‘ Carry F/F 

Ca, Cb, Pu, Pl • Program counter 

Cs, Su, Sl * Stack register of program counter 

Wi~ W4, Wi' --WV '• Static shift register 

Bm, Bl • RAM address register 
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SM-5A 


CMOS 4-Bit 1-Chip Microcomputer 


■ Pin Description 


Pin 

I/O 

Type of circuit 

Function 

Ki~K 4 

I 

Pull down 

Acc^K!~K 4 

«,/? 

I 

Pull up 

Independent test passible 

0n~0 48 

0si~0 S4 

0 


Output of contents of W and W' registers ; used for out- 
put of LCD segment 

h 1( h 2 

0 


3-state level output possible ; used for LCD common 
output 

Ri ~R 4 

0 


R 1 ~R 4 < ^-Acc, Rx-'^Control output or alarm sound 
output 

Tp 

I 


For test (usually open) 

T 2 , t 2 

I 


For test (usually connected to GND) 

ACL 

I 


Auto clear 

OSC IN , OSCqut 



For clock oscillation 

V M 



Power supply for LCD driver 

Vdd, GND 



Power supply for logic circuit 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Rating 

Unit 

Note 


V D d 

-3.5- + 0.3 

V 


Pin voltage 

V m 

-3.5- + 0.3 

V 

1 


V IN 

V DD — 0.3-+0.3 

V 


Operating temperature 

T ODr 

— 5 — H50 

°c 


Storage temperature 

T st „ 

— 55 — b 150 

°C 



Note 1: The maximum applicable voltage on any pin with respect to GND (GND = 0V) 


■ Operating Conditions 


Parameter 

Symbol 

| Specified value 

Unit 

Supply voltage 

V DD 

CM* 

1 

l 

00 

CO 

1 

V 

Supply voltage 

V M 

V dd /2 (TYP.) 

V 

Oscillator frequency 

fosc 

32.768 (TYP.) 

kHz 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-5A 


■ Electrical Characteristics 


(V dd =- 3.0V± 10%, GND=0V, Ta=25°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input voltage 

v IH 


-0.6 



V 

2 

V,L 




V dd + 0.6 

V 

Input current 

IlHl 

v IN =ov 



15 

M 

3 

I IL 1 

V IN = — 3.0V 



1.5 

M 

IlH2 

V 1N =0V 



1 

M A 

4 

IlL2 

V IN = — 3.0V 



1 

M 

Output voltage 

VoHl 

Iout =: 3 0 juA to V de> 

-0.5 



V 

5 

VoLl 

I OUT =10 //A to GND 



V dd +0.5 

V 

VoH2 

Iout == 100 to Vdd 

-0.5 



V 

6 

VoL2 

Iout = 100 /uA to GND 



V dd + 0.5 

V 

VoA 

No load V m =-1.5V 

-0.3 


0 

V 

7 

VoB 

-1.8 

-1.5 

-1.2 

V 

V c 

-3.0 


-2.7 

V 

Current consumption 

Ida 

In full-range operation 


50 

100 

M 

8 

Ids 

When system clock is stationary 


10 

20 

M 

Oscillator start time 

Tqsc 



2 

5 

s 

9 


Note 2: Applicable pins Ki, K 2 , K 3 , Ki, /?, ACL 

Note 3: Applicable pins Ki, K 2 , K 3 , K 4 

Note 4: Applicable pins <* , P 

Note 5: Applicable pins Osi, Os 2 , Os3, Ost, Ou 

Note 6: Applicable pins Ri, R 2 , Ra, Ri 

Note 7: Applicable pins Hi, H 2 

Note 8: Mean current consumption at 32.768 kHz 

Note 9: Oscillating circuit constant 


• Hi,H 2 waveform 



• Oscillator circuit 


OSCin 0 SCout ACL 

-HDhj 

C G i Cd^ Ci 

777 77T 7/T 


Oscillator circuit constant 
C D = C G — 15~20/iF 


Ci = 1^jF 
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SM-5A 


CMOS 4-Bit 1 -Chip Microcomputer 


■ Applications 

1. Hand-held electronic calculator with clock 

2. High-quality clock 

3. Cash register 

4. Hand-held electronic culculator with printer 

5. POS terminal 

6. Electronic scale 

7. Game machine 

8. Vending machine 

9. Controller for electronic home appliances and 
audio equipment 

■ System Configuration (for LCD game machine) 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-5L 


SM-5L 


CMOS 4-Bit 1-Chip Microcomputer 


■ Description 

The SM-5L is a 4-bit single chip CMOS micro- 
computer with 1,827 bytes of ROM, 65 words of 
RAM, a 15-stage divider and 72-segment liquid 
crystal driver circuit. It is well suited for ap- 
plications of low power hand-held equipment with 
many liquid crystal display segments. 


■ Features 

1. CMOS process 

2. ROM capacity 1,827X8 bits 

3. RAM capacity 65X4 bits 

4. Instructions 51 

5. Subroutine nesting 1 level 

6. Input ports 6 bits 

7. Output ports 42 bits 

8. On-chip 15-stage divider with reset 
(timer circuit) 

9. Direct LCD driver circuit (3V, 1/2 duty, 1/2 
bias and 72 segments MAX.) 

10. On-chip crystal controlled oscillator 
(32.768kHz) 

11. Standby mode (2.5 fj . A current consumption) 

12. Single power supply — 3V (TYP.) 

13. Instruction cycle 61 //s 

14. 60-pin quad-flat package 


■ Pin Connections 
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vaintn O 1 — O — 
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It 2 
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E Ti 

o 23 !iz 
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CMOS 4-Bit i -Chip Microcomputer 


SM-5L 


■ Block Diagram 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-5L 


■ Pin Description 


Pin 

I/O 

Type of circuit 

Function 

k x ~k 4 

I 

Pull down 

Acc«— K : ~K 4 


I 

Pull up 

Independent test possible 

On ~o 48 

Osi O554 

0 


Output of contents of W and W' registers ; used for out- 
put of LCD segment 

Hi, H 2 

0 


3 -state level output possible ; used for LCD common 
output 

Ri ~R 4 

0 


Ri ~R 4 «-Acc, Ri-’-Control output or alarm sound 
output 

Tp 

I 


For test {usually open) 

t„t 2 

I 


For test (usually connected to GND) 

ACL 

I 


Auto clear 

OSC IN , OSCqut 



For clock oscillation 

V„ 



Power supply for LCD driver 

V DD , GND 



Power supply for logic circuit 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Rating 

Unit 

Note 

Pin voltage 

Vdd 

— 3.5 — 1- 0.3 

V 

1 

Vin 

V DD — 0.3 — H0.3 

V 

Operating temperature 

T„or 

-5- + 50 

°C 


Storage temperature 

^stg 

— 55 — b 150 

°c 



Note 1: The maximum applicable voltage on any pin with respect to GND (GND=0V) 


■ Operating Conditions 


Parameter 

Symbol 

Specified value 

Unit 

Supply voltage 

Vdd 

-3.3 2.7 

V 

Oscillator frequency 

fosc 

32.768 (TYP.) 

kHz 


- 


SHARP 


81 





CMOS 4-Bit 1-Chip Microcomputer 


SM-5L 


I Electrical Characteristics (v DD =-3.ov±io%,GND=ov,Ta=25”C) 


Parameter 

Symbol 

Conditions 

MIN. 

. TYP. 

MAX. 

Unit 

Note 

Input voltage 

, V IH 


-0.6 



V 

2 

V, L 




V dd + 0.6 

V 

Input current 

IlHl 




15 

M 

3 

IlL2 




1 

M 

4 

IlH3 




3 

juA 

5 

Output voltage 

VoHl 

Iout = 30 /uA to Vj)o 

-0.5 



V 

6 

VoLl 

I OI it=10 f/A to GND 



V DD +0.5 

V 

VoH2 

^OIJT = 10^ /^A to Vdd 

-0.5 



V 

7 

VoL2 

I O ut = 100 fiA to GND 



V dd +0.5 

V 

VGA 

No load V M = — 1.5V 

-0.3 



V 

8 

VoB 

-1.8 


-1.2 

V 

1 

o 

> 



-2.7 

V 

v M 

Ci=C 2 = 0.1 fjtF 

-1.8 

-1.5 

-1.2 

V ' 

9 

Current consumption 

Ido 

In Full-range operation 


50 

100 

M 

10 

Id 

When system clock is stationary 


2.5 

5 

M 

Oscillation start time 

Tosc 



2 

5 

s 

11 


Note 

2 

Note 

3 

Note 

4 

Note 

5 

Note 

6 

Note 

7 

Note 

8 

Note 

9 

Note 10: 

Note 11: 


Applicable pins Ki — Ki, a , ft , ACL 
Applicable pins Ki~Ki 
Applicable pins « , ft 
Applicable pin ACL 

Applicable pins Osi -^Os i, Oij (i = 1 — 4, j = 1 — 8) 
Applicable pins Ri~ Ri 
Applicable pins Hi, Hi 
Applicable pin Vm 

Mean current consumption at 32.768kHz 
Oscillating circuit constant Cc, Cd= 15 — 22pF 


• Waveform of Hi, H 2 

J ~ L u J ~SZEi;: 


* Oscillation circuit, Intermediate potential 
generator circuit 
OSCix OSCol’t 

Vi V 2 V M ACL 


t4J 4 

22 pF °-^ F 0.1 vF 


^22 pF Cu 


Ttr 


=b zb 0.47 fiF 


TtT 7fT 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-5L 


/ / / / / If fill I/Ii II 


■ Applications 

1. Digital watch 

2. Game machine 

3. Controller for electronic home appliances and 
audio equipment 

4. Hand-held electronic calculator with clock 


■ System Configuration 
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CMOS 4-Bit 1 -Chip Microcomputer SM-500 


CMOS 4-Bit 1-Chip Microcomputer 

■ Description ■ Pin Connections 

The SM-500 is a 4-bit single chip CMOS micro- 
computer with 1,197 bytes of ROM, 40 words of 
RAM, a 15-stage divider and 40-segment liquid 
crystal driver circuits. It is well suited for applica- 
tions of low cost, low-power hand-held equipment 
with liquid crystal display. 


■ Features 

1. CMOS process 

2. ROM capacity 1,197 X 8 bits 

3. RAM capacity 40X4 bits 

4. Instructions 52 

5. Subroutine nesting 1 level 

6. Input ports 6 bits 

7. Output ports 26 bits 

8. Input/Output ports 8 bits 

9. On-chip 15 -stage divider with reset 
(timer circuit) 

10. Direct LCD driver circuit (3V, 1/2 duty, 1/2 
bias and 56 segments MAX.) 

11. On-chip crystal controlled oscillator 
(32,768kHz) 

12. Standby mode (3 //A current consumption) 

13. Single power supply — 3V (TYP.) 

14. Instruction cycle 61 jus 

15. 48-pin quad-flat package 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-500 


Block Diagram 


G ND \|> 

Test Qv 


Segment Output 


(2XlX48X«X46X45X^X43Y42y4lX40X39X38X37X36V35X3O(33X32^ 


LCD Driver 


M w 4 ' ( 7 ) | 


H W 3 '(7) 1 


H W 2 '(7) 1 

[ 







ROM 

(1,197X8) 


Cb I Ca I Pu(4) I Pl(6) 


RAM 

(4X10X4) 


I/O Port 


Cs Su(4) Sl(6) 


Bm (2) Bl(4) 


r 

- — 

) 

R 


(4) 


1— - 

DIV(15) 



u 

Clock 

Control 

1 acl 1 


Bp(2) 


Parallel 

Input 

Port 


Asynchronous 

Input 


Oscillator 


Symbol description 
ALU : 

Acc • 

ACL : 

C : 

Ca, Cb, Pu, Pl • 
Cs, Su, Sl • 

CG : 

DIV : 


Arithmetic logic unit 
Accumulator 
Auto clear 
Carry F/F 
Program counter 

Stack register of program counter 
Clock generator 
Frequency divider 


Common Output 


Wi~ W4, Wi ' — IW • Static shift register 


: RAM address register 
I Backplate signal generator circuit 
I 4-bit F/F 
‘ 4-bit F/F 

' 4-bit F/F (status register) 

! Key input F/F 
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CMOS 4-Bit 1 -Chip Microcomputer 


SM-500 


■ Pin Description 


Pin 

I/O 

Type of circuit 

Function 

Ki~K 4 

I 

Pull down 

Acc 4 -K 1 ~K 4 

«, fi 

I 

Pull up 

Independent test possible 

On~0 4 i 

I/O 


Output of contents of W and W' registers or input/out- 
put to/from K f register 

0si~0s4 

I/O 


Output of contents of W and W' registers or input/out- 
put to/from K s register 

0l2~C>46 

0 


Output of contents of W and W' registers ; Used for 
LCD segment output 

h 1( h 2 

0 


3-state level output possible ; used for LCD common 
output 

Ri R 4 

0 


R 1 ~R 4 *<— Acc 

T 

I 

Pull up 

For test (usually connected to GND) 

ACL 

I 

Pull down 

Auto clear 

OSC IN , OSCqut 



For clock oscillation 

V M 



Power supply for LCD driver 

Vdd, GND 



Power supply for logic circuit 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Rating 

Unit 

Note 


Vdd 

— 4.0 — b0.3 

V 


Pin voltage 

Vm 

V dd ~+0.3 

V 

1 

V,N 

V DD — 0.3 — b0.3 

V 


VoUT 

V dd -0.3~ + 0.3 

V 


Operating temperature 

T 

A opr 

— 10— + 70 



Storage temperature 

Tst g 

— 55 — h 150 

°c 



Note 1: The maximum applicable voltage on ahy pin with respect to GND. 


■ Operating Conditions 


Parameter 

Symbol 

Specified value 

Unit 

Supply voltage 

Vdd 

-3.3 2.7 

V 

V m 

V dd /2 (TYP.) 

V 

Oscillator frequency 

fosc 

32.768 (TYP.) 

kHz 
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CMOS 4-Bitl -Chip Microcomputer 


SM-500 


■ Electrical Characteristics 


(V dd =- 3.0V + 10%,GND=0V, Ta = 25 < C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input voltage 

V IH 


-0.6 



V 

2 

V, L 




V dd +0.6 

V 

Input current 

Ihi 

> 

? 

Si 

> 



15 

M 

3 

Ih2 

V, N = 0V 



3 

M 

4 

Il3 

Vin = Vdd 



1 

M 

5 

Output voltage 

VGA 

No load Vm = Vdi>/2 

-0.3 



v 

6 

VqB 

Vm-0.3 


V m + 0.3 

V 

< 

O 



V dd + 0.3 

V 

Output Current 

loHl 

V OU t=-0.5V 

30 



fiA 

7 

loLl 

Vout = V dd + 0.5V 

10 



M 

IoH2 

V out =: ~0.5V 

100 



fJL A 

8 

IoL2 

VoUT = ^DD 0*5 V 

10 



M 

Io3 

| V ds =0.3V 

100 



M 

9 

1(34 

V ds =0.5V 

100 



m a 

10 

Current consumption 

Ida 

In full-range operation 


20 


/'A 

11 

Ids 

When system clock is stationary 


3 


t* A 


Note 2: Applicable pins Ki'-Ki, /?, ACL, On— Oil, Osi~Osi 
Note 3: Applicable pins Ki~Kj, Oi i — 0 1 1 , Osi~Osi 
Note 4: Applicable pin ACL 
Note 5: Applicable pins « , /? 

Note 6: Applicable pins Hi, H 2 

Note 7: Applicable pins Oij (i= 1 ~4, j = 2~6) 

Note 8: Applicable pin On~0-n, Osi~Osi 

Note 9: Applicable pin Ri 

Note 10: Applicable pins R 2 , R 3 , R 4 

Note 11: Current consumption under no load conditions at fosc= 32.768kHz 


• H 1 , H 2 waveform 



OSC,N OSCoiT ACL 


— 101 — " 

C n y- 


77T 


i 




Oscillator circuit constant 


Ci) — Cr.=22 () V 
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CMOS 4-Bit 1-Chip Microcomputer 


/ / / / / / / // // ////// 


■ Applications 

1. Digital watch 

2. Game machine 

3. POS terminal 

4. Electronic scale 

5. Controller for electronic home appliances 
and audio equipment 


■ System Configuration (for digital watch) 



Mode switch 


•SHARP 


88 







CMOS 4-Bit 1-Chip Microcomputer 


SM-510 


SM-510 


CMOS 4-Bit 1-Chip Microcomputer 


■ Description 

The SM-510 is a 4-bit single chip CMOS micro- 
computer with 2,772 bytes of ROM, 128 words of 
RAM, a 15-stage divider and 132-segment liquid 
crystal driver circuits. It is well suited for ap- 
plications of low cost, low power hand-held equip- 
ment with liquid crystal display. 


■ Features 

1. CMOS process 

2. ROM capacity 2,772X8 bits 

3. RAM capacity 96X4 + 32X4 bits 

4. Instructions 49 

5. Subroutine nesting 2 levels 

6. Input ports 6 bits 

7. Output ports 47 bits 

8. On-chip 15-stage divider with reset 
(timer circuit) 

9. Direct LCD driver circuit (3V, 1/4 duty, 1/3 
bias and 132 segments MAX.) 

10. On-chip crystal controlled oscillator 
(32.768kHz) 

11. Standby mode (10 /uA current consumption) 

12. Single power supply — 3V (TYP.) 

13. Instruction cycle 61 //s 

14. 60-pin quad-flat package 


■ Pin Connections 
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SM-510 


CMOS 4-Bit 1-Chip Microcomputer 


■ Block Diagram 


r 


Segment Output 

A 



Port 


Segment 

Output 


Symbol description 

ALU : Arithmetic logic unit 

Acc ! Accumulator 

C ! Carry F/F 

Pu, Pm, Pl • Program counter 

Su, Sm, Sl • Stack register of program counter 

Ru, Rm, Rl • Stack register of program counter 

DIV ! Frequency divider 


W ' 8-bit shift register 

Bm, Bl • RAM address register 

Bp ' Backplate signal generator circuit 

H,L,Y : 4-bit F/F 

R : 2-bit F/F 

K ‘ Key input F/F 

CG ' Clock Generator 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-510 


■ Pin Description 


Pin 

I/O 

Type of circuit 

Function 

Ki~K 4 

I 

Pull down 

Acc«— K]i~K 4 

BA, ft w 

I 

Pull up 

Independent test possible 

ai~ai 6 , bi~bi 6 

bs 

0 


Output of contents of display RAM as LCD segment 
signal 

Hi~H 4 

0 


4 -state level output possible ; used for LCD common 
output 

Si~S 8 

0 


Output of contents of W register 

Ri, R2 

0 


For piezo-electric buzzer direct drive 

T 

I 


For Test (usually connected to V DD ) 

ACL 

I 

Pull down 

Auto clear 

OSC IN , OSCqut 



For clock oscillation 

V DD , GND 



Power supply for logic circuit 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Rating 

Unit 

Note 

Pin voltage 

Vdd 

-3.5-+0.3 

V 

1 

V, N 

V dd ~ + 0.3 

V 

Operating temperature 

T„ or 

0- + 50 

°C 


Storage temperature 

Tstg 

— 55 — b 150 

°C 



Note 1: The maximum applicable voltage on any pin with respect to GND. 


■ Operating Conditions 


Parameter 

Symbol 

Specified value 

Unit 

Supply voltage 

Vdd 

— 3.2 2.6 

V 

Oscillator frequency 

fosc 

32.768 (TYP.) 

kHz 


■ Electrical Characteristics (V DD =-3V±io%,Ta=25t:) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 


V, H1 


-0.6 



V 

2 

Input voltage 

v IL1 




V DD + 0.6 

V 

V,H2 


-0.3 



V 

3 


VdL2 




Vdd + 0.3 

V 

Input current 

IlH 

> 

0 

II 

z 

> 

3 


15 

M 

4 

IlL 

Vin — V D d 

3 


15 

M 

5 


VoH 

IouT = bO fJ-K to Vdd 

-0.5 



V 

6 


V 0 L 

Iout = 5 {jl A to GND 



V dd + 0.5 

V 

Output voltage 

Vqa 


-0.3 

0 

0 

V 


VoB 

V dd =-3.0V 

-1.3 

- 1.0 

-0.7 

V 

7 


Voc 

No load 

-2.3 

-2.0 

-1.7 

V 


VoD 


-3.0 

-3.0 

-2.7 

V 


Output current 

Iso 

V O ut=-0.2V 

100 



M 

8 

IsiN 

Vout = V dd + 0.2V 

100 



M 

Current consumption 

Ida 

In full-range operation 


60 


A* A 

9 

Ids 

When system clock is stationary 


10 


V A 


Note 2: 

Applicable pins Ki — Ki, P in 

Note 6: 

Applicable pins Si~Ss 

Note 3: 

Applicable pins ACL, BA 

Note 7: 

Applicable pins ai~ai6, bi — bie, b8. Hi —Hi 

Note 4: 

Applicable pins Ki~K4 

Note 8: 

Applicable pins Ri, R 2 

Note 5: 

Applicable pin ft in 

Note 9: 

Current consumption when fosc is 32.768kHz (TYP.) and 
— 3.0V of Vdisp is applied 
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CMOS 4-Bit 1-Chip Microcomputer 


■ Applications 

1. Hand-held electronic calcuator with multi-digit 
display and clock 

2. High-quality clock; 

3. Handy game machine 

4. Equipment that need multiple LCD display seg- 
ments 

H System Configuration (Hand-held electronic calcuator with clock) 



Key matrix 


Piezoelectric 

buzzer 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-511 


CMOS 4-Bit 1-Chip Microcomputer 

■ Description 

The SM-511 is a 4-bit single chip CMOS micro- 
computer with 4,032 bytes of ROM, 128 words of 
RAM , a 15 -stage divider, melody generator and 
136-segment liquid crystal driver circuits. It is 
well suited for low cost, low power hand-held 
equipment with liquid crystal displays. 


■ Features 

1. CMOS process 

2. ROM capacity 4,032X8 bits 

3. RAM capacity 96X4 + 32X4 bits 

4. Instructions 55 

5. Subroutine nesting 2 levels 

6. Input ports 6 bits 

7. Output ports 47 bits 

8. On-chip 15-stage divider with reset 
(timer circuit) 

9. Melody generator circuit 

10. Direct LCD driver circuit (3V, 1/4 duty, ; 

1/3 bias and 136 segments MAX.) 

11. On-chip crystal controlled oscillator 
(32.768kHz) 

12. Standby mode (10 /*A current consumption) 

13. Single power supply — 3V (TYP.) 

14. Instruction cycle 61 jus 

15. 60-pin quad-flat package 


■ Pin Connections 
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CMOS 4-Bit 1-Chip Microcomputer SM-511 



■ Block Diagram 


Segment Output 



Segment 

Output 


Port 


Symbol description 

ALU ^ Arithmetic logic unit 

Acc ' Accumulator 

ACL - Auto clear 

C * Carry F/F 

Pu, Pm, Pl • Program counter 

Su, Sm, Sl * Stack register of program counter 

Ru, Rm, Rl * Stack register of program counter 

DIV ' Frequency divider 


W * 8-bit shift register 

Bm,Bl • RAM address register 

Bp ! Backplate signal generator circuit 

H, L, X, Y : 4-bit F/F 

K I Key input F/F 

CG Clock generator 
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CMOS 4-Bitl -Chip Microcomputer 


SM-511 


■ Pin Description 


Pin 

I/O 

Type of circuit 

Function 

Ki~K 4 

I 

Pull down 

Acc— K!~K 4 

BA, j8 

I 

Pull up 

Independent test possible 

a i~ a i6> 

0 


Output of contents of display RAM as LCD segment 

bi~bi6 


signal 

bsi 

0 


LCD segment or LCD flashing output 

bS2 

0 


Input of X register contents as LCD segment signal 

Hi~H 4 

0 


4-state level output possible ; used for LCD common 
output 

Si ~s 8 

0 


Output of contents of W register 

R 

0 


Melody output 

T 

I 


For Test (usually connected to V DD ) 

ACL 

I 

Pull down 

Auto clear 

OSC IN , OSCqut 



For clock oscillation 

V DD , GND 



Power supply for logic circuit 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Rating 

Unit 

Note 

Pin voltage 

Vdd 

— 3.5 — h 0.3 

V 

1 

V,N 

V dd ~+0.3 

V 

Operating temperature 

T„„ r 

0 

LO 

1 

o 

°C 


Storage temperature 

Isis 

| —55 — h 150 | 

°C 



Note 1: The maximum applicable voltage on any pin with respect to GND (GND = 0V) 


■ Operating Conditions 


Parameter 

Symbol 

Specified value 

Unit 

Supply voltage 

Vdd 

- 3.2 ~- 2.6 

V 

Oscillator frequency 

fosc 

32.768 (TYP.) 

kHz 
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CMOS 4-Bit 1 -Chip Microcomputer SM-511 


■ Electrical Characteristics (V DD =- 3 v±io%,Ta= 25 < C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 


V,H1 


-0.6 



V 

2 

Input voltage 

V IL1 




Vdd 0*3 

V 

ViH2 


-0.3 



V 

3 


ViL2 




Vdd + 0.3 

V 

Input current 

IlHl 

> 

o 

II 

2 

> 

3 


15 

M 

4 

IlH2 

V,N = V DD 

3 


15 

M 

5 


VoH 

Iout~50//A to Vdd 

-0.5 



V 

6 


VoL 

Iout = 5 p. A to GND 



Vdd^O-3 

V 

Output voltage 

VGA 


-0.3 

0 


V 


V OB 

V DD = — 3.0 V 

-1.3 

-1.0 

-0.7 

V 

7 


Voc 

No load 

-2.3 

-2.0 

-1.7 

V 


VoD 


-3.0 

-3.0 

-2.7 

V 


Output current 

Iso 

V OU t=-0.2V 

100 



M .. 

8 

IsiN 

V O ut=V dd +0.2V 

100 



A a 

Current consumption 

Idai 

In full-range operation 


40 

60 

M 

9 

Idsi 

When system clock is stationary 


10 

.20 

A A 

Current consumption 

Idai 

In full-range operation 


25 

35 

M A 

10 

Ids2 

When system clock is stationary 


10 

20 

M 


Note 2: Applicable pins Ki~K4, 

Note 3: Applicable pins ACL, BA 

Note 4: Applicable pins Ki — Kj 

Note 5: Applicable pin /? 

Note 6: Applicable pins Si ~Ss 

Note 7: Applicable pins ai — aie, bi — bie, bsi, bs 2 . Hi — Hi 
Note 8: Applicable pin R 

Note 9: When melody circuit is inoperative with Vdd at —3.0V and system clock at 16.384kHz. 
Note 10: When melody circuit is inoperative with Vdd at —3.0V and system clock at 8.192kHz. 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-511 


■ Applications 

1. Hand-held electronic calculator with multidigit 
display and clock 

2. Hand-held electronic calculator with function 
calculation capability 

3. Hand-held game machine 

4. Equipment that need multiple LCD display seg- 
ments 


I System Configuration (for melody alarm, watch, and hand-held electronic calculator with game func- 
tion) 



Key matrix 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-520 


SM-520 CMOS 4-Bit 1 

■ Description 

The SM-520 is a 4-bit single chip CMOS micro- 
computer with 3,072X10 bits of ROM, 168 words 
of RAM, a 15-stage divider, and automatic display 
circuit. It is well suited for applications with 
many control ports. 


■ Features 

1. CMOS process 

2. ROM capacity 3,072 X 10 bits 

3. RAM capacity 160X4 + 16X2 bits 
(including 16X2 bits for display) 

4. Instructions 93 

5. Subroutine nesting 4 levels 

6. Input ports 8 bits 

7. Output ports 37 bits 

8. Input/Output ports 8 bits 

9. On-chip 15-stage divider with reset 
(timer circuit) 

10. External interrupt function 

11. External RAM expandable (1,704X4 bits) 

12. Clock generator circuit 

13. On-chip crystal controlled oscillator 

14. Standby mode (50 juA current consumption) 

15. Single power supply — 5V (TYP.) 

16. Instruction cycle 11 /us 

17. 64-pin dual-in-line package 


Chip Microcomputer 


■ Pin Connections 



A 


Ri E 


U GND 

OSCin ge 

o 

u r 2 

OSCoi’T n 


D R 3 

v„„ K 


m r 4 

ACLE 


IRs 

. a GE 


URe 

/? E 


1 R? 

PE E 


12 Rs 

Qi E 


1 04 

Q 2 11 


ID Rg 

mp 4 e 


SI R io 

mp 3 I 


ID T o 

MP 2 E 


I T i 

MPi E 


HT 2 

TESTi 1 



TEST 2 d 


1T< 

f 2 e 


aCr 

f 4 e 


a R f 

f i m 


1 T 5 

f 3 e 


D Te 

f 5 1 


1T 7 

dio 4 i 


ITs 

dio 3 1 


ut 9 

dio 2 d 


STi 0 

Dibi d 


ITij 

KEi H 


i Si 

KE 2 E 


!S 2 

ke 3 m 


SJ s 3 

ke 4 m 


I s 4 

S 9 11 


iSs 

s 8 1 


ls 6 

GND H 


ls 7 


V ^ 



Top View 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-520 


Block Diagram 


Clock 


Clock 


Test 



Digit 

and 

External 

RAM 

Address 

Output 


Segment 

Output 


description 

Acc 

Accumulator 

DB, DP 

Registers for automatic display use 

ALU 

Arithmetic logic unit 

Wij 

Shift register 

PC 

Program counter 

10 

DIO control F/F 

SR 

Stack register 

C 

Carry F/F 

Bm, Bl 

RAM address counter 

SD 

Segment decoder 

SB 

RAM address counter stack 

IF 

Interrupt flag F/F 

X,SX 

Temporary registers 

E 

Interrupt mask F/F 

ST 

T output control register 

DIV 

Divider 

TC, £ 

Counters for automatic display use 

CG 

Clock generator 


SHARP 


99 

















CMOS 4-Bit 1-Chip Microcomputer 


SM-520 


■ Pin Description 


Pin 

I/O 

Type of circuit 

F unction 

KE!~KE 4 

I 

Pull down 

Acc 4 — KEi~KE 4 

«, /?, PE, Qj 

I 

Pull down 

Test possible by separate input 

DIOi-DIC^ 

I/O 

Pull down 

Acc^DIOx ~DI0 4 

MP!~MP 4 

I/O 


MG register output, on-the-way stage signal output ot 
divider or Acc«— MP1—MP4 

To~T n 

0 


Digit signal or external RAM address signal output 

Ri~Rio 

0 


W register content output 

Si~S 9 

0 


Segment signal output 

Fi~F 5 

0 


Can be set or reset independently 

q 2 

0 


Can be set or reset 

TEST t TEST 2 

I 

Pull down 

For test (usually connected to V DD ) 

ACL 

I 

Pull down 

Auto clear 

Rf, Cf 



For system clock oscillator 

OSC IN , OSCqut 



For clock oscillator 

V DD , GND 



Power supply for logic circuit 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 

1 

Vdd 

— 6.0 — b0.3 

V 

1 

Pin voltage 

V,N 

V DD — 0.3 — b0.3 

V 

1,2 


VoUT 

V DD — 0.3 — H0.3 

V 

1,3 

Operating temperature 

T„ Dr 

— 10 — h60 

°C 


Storage temperature 

Tstg 

-55^ + 150 

°C 



Note 1: The maximum applicable voltage on any pin with respect to GND (GND = 0V) 
Note 2: Applicable to inputs 
Note 3: Applicable to outputs 


■ Operating Conditions 


Parameter 

Symbol 

Conditions 

Specified value 

Unit 

Note 

Operating voltage 

' 

Vdd 


— 5.5 4.5 

V 


In “Low” clock 

— 5.5 3.5 

V 

4 


Note 4: When the clock frequency fc is lowered to 1/8 of that in normal operation 
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CMOS 4-Bitl -Chip Microcomputer 


SM-520 


Electrical Characteristics 


(V DD = ~5.0± 10%, Ta=25'C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input voltage 

Vihi 


-1.5 



V 

5 

v 1L1 




V DD +1.0 

V 

V IH2 


-0.3 



V 

6 

ViL2 




Vdd + 0.3 

V 

Output voltage 

VoHl 

Iout = — 250 /*A 

-0.6 



V 

7 

VoL. 

Iout — 30 //A 



V dd + 0.6 

V 

VoH2 

Iout = 250 /*A 

-1.0 



v 

8 

V()L2 

Iout = 50 p-k 



V dd + 0.6 

V 

V OH3 

Iout = — 500 //A 

-1.0 



V 

9 

V 0 L3 

Iout == 50 //A 



Vdd + 0.6 

v 

VoH4 

Iout = 1.0mA 

-2.5 



V 

10 

VoL4 

Iout = 50 ji A 



V dd + 0.6 

V 

V OH5 

ioiJT = “100 flk 

-0.6 



V 

11 

VoL5 

Iout = 50 p A 



V dd + 0.6 

V 

VoH6 

Iout ~ ~ 150 p A 

-0.6 



V 

12 

V 0 L6 

Iout == 150 pk 



Vdd + 0.6 

V 

Current consumption 

Iddi 

In normal operating 


1.5 


mA 

13 

IdD2 

When clock is stationary 


50 

150 

M 

14 

Clock frequency 

fc 



90 


kHz 

15 

fcL 

In “Low” clock 


11.2 


kHz 

Oscillator frequency 

fcRY 



32.768 


kHz 

16 


Note 
Note 
Note 
Note 
Note 
Note 10: 
Note 1 1 
Note 12 
Note 13 
Note 14 
Note 15 
Note 16 


0, PE, Qi, KEi-KEt, DIOi-DIOt, MPi-MPj 


Applicable pins ACL, 

Applicable pin Cf 
Applicable pins To—Tn 
Applicable pins Si*~S9, Fi, F3—F3, Q 2 
Applicable pins Ri~Ri 0 
Applicable pins MPi — MRi, F 2 
Applicable pins DIOi~DIO-i 
Applicable pin Rf 

No-load state (internal CG out attached capacity C = 15pF) 

V DD = — 3.5V, No-load state ( * ) 

For C and R elements out-attached to internal CG, C=15pF±2%, R = 
For connection of out-attached element of crystal oscillator, see Fig. 2. 


OSC r 

P 


C f 

'L— vvV- 

7 7T 


OSC ol r 

P 


Crystal 

" — |DI — 
_/ 

" 7 - 

m 


r 


Fig. 1 Fig. 2 

82kfl ±2%, they are connected as shown in Fig.l 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-520 


■ Applications 

1. Cash register 

2. Hand-held electronic calculator with printer 

3. Electrical copy machine 

4. Microwave oven 

5. Vending machine 

6. Game machine 

7. POS terminal 

8. Electronic scale 

9. Controller for electronic and electric home 
appliances 


■ System Configuration (for VTR timer) 



Input signals 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-525 


SM-525 CMOS 4-Bit 

■ Description 

The SM-525 is a 4-bit single chip CMOS micro- 
computer with 3,072X10 bits of ROM, 168 words 
of RAM, a 15-stage divider and automatic display 
circuit. 

It is well suited for applications with fluorescent 
display tube (VFD), due to built-in high voltage 
outputs. 


■ Features 

1. CMOS process 

2. ROM capacity 3,07 2 X 10 bits 

3. RAM capacity 168X4 bits 

(including 16X2 bits for dis- 
play) 

4. Instructions 93 

5. Subroutine nesting 4 levels 

6. Input ports 8 bits 

7. Output ports 37 bits 

8. Input/Output ports 8 bits 

9. High voltage outputs (— 30V) 21 bits 

10. On-chip 15-stage divider with reset 
(timer circuit) 

11. External interrupt function 

12. External RAM expandable (1,704X4 bits) 

13. Clock generator circuit 

14. On-chip crystal controlled oscillator 
15/Standby mode (50 juA current consumption) 

16. Single power supply — 5V (TYP.) 

17. Instruction cycle 11 jus 

18. 64-pin dual-in-line package 


1-Chip Microcomputer 


■ Pin Connections 


Rid 

( ^ 

r\ 

HGND 

OSCinCE 


63) R 2 

OS Colt |T 


IUR 3 

Vni)[i 


eTJ R4 

ACL[T 


iR-s 

/?E 


UR6 

a H 


58) R? 

PEE 


HIRs 

QiE 


ID 04 

Q2 [To 


55JR9 

mp 4 e 


TtlRlo 

MP3Q2 


HI To 

MP2E 


UTi 

MPiQT 


IDT2 

TEST V|. r Q 5 


Mt, 

TEST 2 IH 


H |Tt 

F 2 QT 


Her 

Fifjs 


HlRf 

FiE 


UTi 

Fn [20 


HJTli 

FiQT 


IDT: 

DIO4Q2 


UTs 

DI 0,1(23 


1 T 9 

DIO2E 


UT10 

DIOiE 


joJTii 

KEiE 


USi 

KE 2 [27 


u s 2 

KEiE 


ID Si 

ke 4 E 


Us. 

S9O0 


US? 

s sUh 


USo 

gndO? 


IDs? 


v J 

Top View 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-525 


Block Diagram 


Oscillator 


Parallel J Kp~ 
Input Portly 






CM 

CM 

CM 

CM 

r_ ' 

r_l 

r “ < 


-I- 


CM 

r-< 

CC 

CC 

CC 

ct 

m 

c n 

in 

in 


6>^J |_Ej 

4^ TIMER 

o s c 
y)— > Qi 
TWl PE I 


r©^ 



[ 


DIO 




' 4 1 

L 





Clock Power supply 
Clock Output for display Test 


CM 


TT V 

T 

T T 


CC. 

| ckhl|<- 
1 

- CG — 

J m- 

-*| BLK | f 



ROM 

( 3,072 X 10 ) 


W 1 1 2 » i W 2 1 4 ) i W :*(4 ) I 


internal clock 


ttT-J Digit 

* ^ 1 J Decoder 


Instruction 

Decoder 


RAM 

(160X4 + 16X2) 


RAM Address 
Decoder 


j B \i ( 4 ) I B i . ( 4 ) 
|SB(8)k-» 


|P(4)| I MG (4 
I M P ( 4 ) 1 I 


| ST ( 4 ) I TL 


— * — i H DB 

Acc ( 4 ) (4) 


F 1 F 2 F 3 F 4 F 5 Q 2 


Digit and 
External 
►RAM 
Address 
Output 


I Segment 
| Output 


W 3X62X61X60X59X58X57X55X54W14X13Y12YH) (l9Wl7>^20Wl8><21>-fl0> 


Register Output 


Symbol description 
Acc : Ac 
ALU : Ar 
PC : Pr 
SR : St 
B\i,Bi.: RI 
SB : R; 
X,SX : Te 
ST : T 
TC, Z : Cc 


Accumulator 

Arithmetic logic unit 

Program counter 

Stack register 

RAM address counter 

RAM address counter stack 

Temporary registers 

T output control register 

Counters for automatic display use 


DB,DP: Registers for automatic display use 


w., 

Shift register 

DIO 

DIO control F F 

C 

Carry F F 

SD 

Segment decoder 

IF 

Interrupt flag F/F 

E 

Interrupt mask F/F 

DIV 

Divider 

CG 

Clock generator 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-525 


■ Pin Description 


Pin name 

I/O 

Circuit type 

„ Function 

KE 1 ~KE 4 

I 

Pull down 

Acc— KE!~KE 4 

a, P, PE, Ch 

I 

Pull down 

Can be tested on individual input 

DIOj-DKXi 

I/O 

Pull down 

Acc *— ► DI0 i~DI0 4 

mp 1 -mp 4 

I/O 


MG register output or 

divider middle stage signal output or 

Acc — MPi~MP 4 

l 

o 

0 


Digit signal or external RAM address signal output 

Ri~Rio 

0 


W register output 

Si —Sg 

0 


Segment signal output 

Fi~F 5 

0 


Can be set or reset individually 

Q 2 

0 


Can be set or reset 

TEST, TEST 2 

I 

Pull down 

For test (Connected to V. DD normally) 

ACL 

I 

Pull down 

Auto clear 

Rf, Cf 



For system clock oscillation 

OSC IN , OSCout 


J 

For clock oscillation 

V DD , GND 



Power supply for logic circuit 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 


Vdd 

— 6 — L0.3 


1,2 


Vpr 

— 12 — +0.3 


1,3 

Pin voltage 

V,N 

v dd -;o.3~+o.3 

V 

1,4 

VoUTl 

V DD ~ 0.3 — (-0.3 


1,5,6 


VoUT2 

— 35 — + 0.3 


1,7 


loUTl 

70 


7,8 

Output current 

IoUT2 

-15 

mA 

5,8 


IoUT3 

4 


5,9 

Operating temperature 

Tool- 

-10-+60 

°C 


Storage temperature 

Tstg 

— 55— + 150 

°C 



Note 1: The maximum applicable voltage on any pin with respect to GND. 

Note 2: Applied to pin Vdd. 

Note 3: Applied to pin TEST/Vpr. J 

Note 4: Applied to pins ACL, a, , PE, Q, DI0i~DI0ji, KEi—KEi, MPi~MPi, Cf. 
Note 5: Applied to pins DIOi~DIOi, MPi~MPi, F i — PC*>, Ri~Rio, Q>. 

Note 6: Applied to pin Rf. 

Note 7: Applied to pins To~Tii, S 1 —S 9 
Note 8: Total high level output current 
Note 9: Total low level output current 


■ Recommended Operating Conditions 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Supply voltage 

Vdd 

During normal operation 

-5.5 


-4.5 

V 


v DDL 

During low clock 

-5.5 


-3 

10 

Auxiliary voltage 

V [>R 


-9.9 


-8.1 

V 

11 

Display voltage 

V N 


-30 


Vdd 

V 



Note 10: Condition in which the clock frequency fc has been dropped to 1/8 of that during normal operation. 

Note 11: The auxiliary voltage Vpr is applied from the TEST/Vpr pin. Vn 

ilOkO 

4 O TEST/Vpr 

^ 9V 

■m 

( Example of circuit with Vpr externally attached) 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-525 


■ System Configuration (for vtr timer) 



Input signals 
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GMQS 4- Bit 1-Chip Microcomputer 


SM-530 


CMOS 4-Bit 1-Chip Microcomputer 

■ Description 

The SM-530 is a 4-bit single chip CMOS micro- 
computer with 2,016 bytes of ROM, 88 words of 
RAM, melody generator circuit and 96-segment 
LCD driver circuit. It is well suited for low cost, 
low power systems with many LCD segments. 


■ Features 

1. CMOS process 

2. ROM capacity 2,016X8 bits 

3. RAM capacity 64X4 + 24X4 bits 

4. Instructions 49 

5. Subroutine nesting 1 level 

6. Input ports 8 bits 

7. Output ports 58 bits 

8. Timer/Counter 

(On-chip 15-stage divider with reset, 10- 
second counter and 1/ 100-second counter) 

9. Direct LCD driver circuit (3V, 1/2 duty, 1/2 
bias and 96 segments MAX.) 

10. On-chip crystal controlled oscillator 
(32.768kHz) 

11. Melody generator circuit 

12. Standby mode (1.5 ju A current consumption) 

13. Single power supply —1.5V (TYP.) 

14. Instruction cycle 91.6 ju s 

15. 80-pin quad-flat package 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-530 


■ Block Diagram 


Segment Output 



Symbol description 

ALU I Arithmetic logic unit 

Acc • Accumulator 

ACL I Auto clear 

C : Carry F/F 

Pu, Pl ^ Program counter 

Su, Sl * Stack register of program counter 


DDC * LCD supply voltage generator 
DIV I Frequency divider 

CG ‘ Clock generator 

BA ! Battery alarm circuit 

Bm, Bl • RAM address register 
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CMOS 4-Bit 1-Chip Microcomputer 


’A 


SM-530 


■ Pin Description 


Pin name 

I/O 

Circuit type 

Function 

Ki~K 4 

I 

Pull down 

Acc Ki~K 4 

KE!~KE 4 

I 

Pull down 

Acc^-KE 1 ~KE 4 

Oio~0 4B 

0 


Display RAM contents output as LCD segment signals 

H!~H 2 

0 


Tri-value output capability ; 
used for LCD common output 

Fi~F 4 

0 


F!~F 4 Acc 

Si~S 4 

0 


Si~S 4 <— Acc 

So 

0 


Melody output 

BA 

I 


For battery alarm 

Test 

I 

Pull down 

For test (Connected to V DD normally) 

ACL 

I 

Pull down 

Auto clear 

OSCin, OSCout 



For clock oscillation 

Vdd, Vco DDC 



LCD driver power supply 

V M , GND 



Power supply for logic circuit 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 


V M 

-2.0- + 0.3 

V 

1 

Pin voltage 

Vdd 

— 4.0 — HO. 3 

V 

1,2 

V,N1 

V M -0.3~+0.3 

V 

1,3 


VlN2 

V D d-0.3~+0.3 

V 

1 

Operating temperature 

T„„ r 

— 10 — I- 60 

°C 


Storage temperature 

^stg 

— 55— + 150 

°C 



Note 1: The maximum applicable voltage on any pin with respect to GND. 

Note 2: Applied to pins Ki~Ki, KEi — KEi, Si — Si, Fi~Fi, SO, Test, DDC, BA, ACL, 
OSCin, OSCout 

Note 3: Applied to pins 0«(i = l~4, j = 0~B)Hi, Ha, V c 


■ Recommended Operating Conditions 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage 

V M 

-1.2 1.8 

V 

Vdd 

— 2.3 3.6 

V 

Oscillation start voltage 

Vosc 

-1.4 

V 

Oscillator frequency 

fosc 

32.768(TYP.) 

kHz 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-530 


■ Electrical Characteristics (v m =-i.45~i.55V,v dd =- 2.9 — 3.iv,Ta=25‘C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input voltage 

V,H 


-0.5 



V 

4 

V [L 




Vm + 0.5 

V 

Input current 

IlHl 

> 

o 

II 

z 

> 

0.155 


3 

M 

5 

IlH2 

> 

O 

II 

z 

> 

1.55 


30 

M 

6 

Boost output voltage 

Vddi 

V M = — 1.55V, R L = 5Mn 



-2.80 

V 

7 

VdD2 

V M = — 1.30V, R L = 5Mf2 



-2.30 

V 

Output current 

lot 

V ds = 0.5V 

10 



fJL A 

8 

Io2 

V ds =0.5V 

60 



M 

9 

Io3 

V ds =0.5V 

60 



M 

10 

Io4 

Vds = 0.5V 

120 



M 

11 

loHl 

V O ut=-0.5V 

160 



M 

12 

loLl 

V O ut=V m + 0.5V 

10 



/uA 

IoH2 

V O ut=-0.5V 

10 



fxk 

13 

IoL2 

V O ut=V m + 0.5V 

1.5 



M 

IoH3 

Vout=“0.5V 

100 



M 

14 

IoL3 

V O ut = V m + 0.5V 

3 



M 

Io5 

Vds~0.5V 

100 



M 

15 

Current consumption 

Ido 

During all operation 


12 


M 

16 

Ids 

During system clock stop 


1.5 


Hk 

Oscillation start time 

Tosc 



10 


S 

17 


Note 4 

Applied to pins Ki~K-i, KEi~ KEi, Test, ACL, OSCin 

Note 5 

Applied to pins Ki—Kj, KEi~KEi, ACL 

Note 6 

Applied to pin Test 

Note 7 

Applied to pin Vdd 

Note 8 

Applied to pins Ou (i=l — 4, j — 0 — B) 

Note 9 

Applied to pins Hi, H 2 

Note 10 

Applied to pin DDC 

Note 1 1 

Applied to pin V c 

Note 12 

Applied to pin SO 

Note 13 

Applied to pins Si~S4 

Note 14 

Applied to pin F ] 

Note 15 

Applied to pins F 2 ~Fi 

Note 16 

Current consumption during 32.768kHz 

Note 17 

Oscillation circuit constant, Co^lSpF, Cp = 22pF 



J_L Lr n: ij:: 


GND 

Vm 

V,),) 



i 


• Hi,H 2 Waveform C G = 15pF, C u = 22pF Cj =C 2 = C 3 =0.1 juF 

• Oscillation circuit • Boost circuit 







CMOS 4-Bit 1-Chip Microcomputer 


SM-530 


I Applications 

1. Digital watch 

2. Game machine 

3. Digital clock 

4. Controllers for home appliances and audio 
equipment 

5. Calculator with clock 

I System Configuration Example (Calculator watch) 


LCD 


DC voltage cutout XT 

0 .02 "p y 




Hi 

h 2 

0 , , (48 lines) 




OSCoiT 

Test 




F! 



osc IN 

f 2 



ACL 

f 3 







BA 

f 4 



GND 

so 



SM-530 



V m 




Vm) 




DDC 

k 2 




k 3 



V c 

k 4 





Si 

s 2 

s 3 s 4 k 1 ke 1 ke 2 ke 3 ke 4 


32.768 kHz 22 pF 

— II- 

era Crystal 
- x -*£ 


15pF 


0.22 juF 


,1.5 V 


T 




fjF 


— Ih 

0.1 n¥ 


1 


7 

- 

8 

- 

9 


9 / 

XE 

- 

y 

Year 

| 






I 


1 

4 

- 

5 

- 

6 

- 

Hour 

- 

X 

Month 



1 


bz 


| 


| 

pn 

- 

2 


3 

- 

Min 

- 

Date 

s 


l t j 




| 


1 

pH 

i- 

' * ! 

- 

~1 

H 

12/ 

H 

X 1 

AM. PM 


Key matrix 


■SHARP 


112 





CMOS 4-Bit 1-Chip Microcomputer 


SM-531 


CMOS 4-Bit 1-Chip Microcomputer 

■ Description ■ Pin Connections 

The SM-531 is a 4-bit single chip CMOS micro- 
computer with 1,260 bytes of ROM, 52 words of 
RAM, melody generator circuit and 80-segment 
LCD driver circuit. It is well suited for low cost, 
low power applications with many LCD segments. 


■ Features 

1. CMOS process 

2. ROM capacity 1,260X8 bits 

3. RAM capacity 32X4 + 20X4 bits 

4. Instructions 45 

5. Subroutine nesting 1 level 

6. Input ports 6 bits 

7. Output ports 42 bits 

8. Timer/Counter 

(On-chip 15 -stage divider with reset, 1/ 100- 
second counter) 

9. Direct LCD driver circuit (3V, 1/2 duty, 1/2 
bias and 80 segments MAX.) 

10. On-chip crystal controlled oscillator 
(32.768kHz) 

11. Melody generator circuit 

12. Standby mode (1.5 juA current consumption) 

13. Single power supply —1.5V (TYP.) 

14. Instruction cycle 91.6 //s 

15. 60-pin quad-flat package 



SM-531 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-531 


Block Diagram 


Common / Cl/" 
Output | g). 

For ( (k> 


Booster 

Circuit 


Segment Output 

, A — - 

■^32)(3l)(30)(29)@@(26)(25)@(23)(22)@(MX^X3X^)^X^XiiX^X^Xp@X§)@XEX^XMXS^ 

~~ l ~| LCD Driver 


Display RAM 
(2X10X4) 



Segment 


Parallel 


P 


Vm Test 


Symbol description 

ALU * Arithmetic logic unit 
Acc • Accumulator 
ACL Auto clear 
C : Carry F/F 
Pu, Pl *. Program counter 


Su, Sl • Stack register of program counter 
DDC I LCD supply voltage generator 
DIV ’ Frequency divider 
CG ' Clock generator 
Bm, Bl • RAM address register 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-531 


■ Pin Description 


Pin name 

I/O 

Circuit type 

Function 

K,~K 4 

I 

Pull down 

Acc^-K 1 ~K 4 

KE,, KE 2 

I 

Pull down 

Acc «- KE lf KE 2 

0io~0 4 9 

0 


Display RAM contents output as LCD segment signals 

Hi,H 2 

0 


Tri- value output capability ; 
used for LCD common output 

so,, so 2 

0 


Melody output 

Test 

I 

Pull down 

For test (Connected to V M normally) 

ACL 

I 


Auto clear 

OSCin, OSCout 



For clock oscillation 

V dd , , Vcc, DDC 



LCD driver power supply 

V M , GND 



Power supply for logic circuit 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 


v M 

— 2.0 — h0.3 

V 

1 

Pin voltage 

Vdd 

— 4.0 — K0.3 

V 

1 

V|N1 

V M — 0.3 — H0.3 

V 

1,2 


ViN2 

V D d~ 0.3 — h0.3 

V 

1,3 

Operating temperature 

T 0 pr 

— 10 — 1-60 

°C 


Storage temperature 

1m& 

— 55 — h 150 

°C 



Note 1: The maximum applicable voltage on any pin with respect to GND. 

Note 2: Applied to pins Ki~Ki, KEi, KE 2 , SOi, SO>, Test, DDC, ACL, OSCin, OSCout 
N ote 3: Applied to pins Oij(i= 1 ~4, j = 0 — 9), Hi, H 2 , Vc 


■ Recommended Operating Conditions 


Parameter 

Symbol 

Ratings 

Unit 

Note 

Supply voltage 

V M 

— 1.8— 1.2 

V 


Vdd 

— 3.6 — 2.3 

V 


Oscillation start voltage 

Vosc 

-1.4 

V 

4 

Oscillator frequency 

lose 

32.768 (TYP.) 

kHz 



Note 4: Oscillation ciruit constant Cc=15pF, Ci)=22pF 
Oscillation start, time : within 10 seconds 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-531 


■ Electrical Characteristics (v m =-i.45~-i.55v, v DD =-2,9 — 3,iv»Ta=25°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input voltage 

V,H 


-0.5 



V 

5 

Vil 




Vm + 0.5 

V 

Input current 

IlHl 

> 

o 

II 

2 

> 

0.155 


3 

M 

6 

IlH2 

> 

O 

II 

2 

> 

1.55 


50 

V A 

7 

Boost output voltage 

Vddi 

V M = — 1.55V, R l = 5MO 



-2.80 

V 

8 

VdD2 

V M = — 1.30V, R L =5Mfl 



-2.30 

V 


Ioi 

V ds =0.5V 

10 



M 

9 


Io2 

Vds~0.5V 

60 



M 

10 

Output current 

Io3 

V ds =0.5V 

60 



M 

11 


Io4 

V ds =0.5V 

120 , 



M 

12 


Io5 

V ds = 0.5V 

900 



M 

13 

Current consumption 

Ido 

During all operation 


10 


M 

14 

Ids 

During system clock stop 


1.5 


M 

Oscillation starting time 

Tqsc 



10 


S 

15 


Note 5 
Note 6 
Note 7 
Note 8 
Note 9 
Note 10 
Note 11 
Note 12 
Note 13 
Note 14 
Note 15 


Applied to pins Ki~K-i, KEi, KE 2 , , ACL, OSCin 

Applied to pins Ki~Ki, KEi, KE>, ACL 

Applied to pin Test 

Applied to pin Vdd 

Applied to pins O.j (i = 1 — 4, j = 0 — 9) 

Applied to pins Hi, H 2 

Applied to pin DDC 

Applied to pin Vc 

Applied to pins SOi, SO 2 

Current consumption at 32.768kHz 

Oscillation circuit constant Co = 15pF, Cr>=22pF 


• Hi,H 2 Waveform 



GND 

Vm 

Vdd 


• Oscillation circuit, Boost circuit 
OSCix oSCout V c DDC Vdd ACL 

L41 i c 

Cc^r Co 4- C 3 C*-r tC> 


t r 


C c = 15pF, C D =22pF C 1 = C 2 = C 3 =0.1 pF 
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SM-531 


CMOS 4-Bit 1-Chip Microcomputer 

■ Applications 

1. Digital watch 

2. Game machine 

3. Controllers for home appliances and audio 
equipment 

4. Calculator with clock 

■ System Configuration (for melody alarm watch) 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-540 


CMOS 4-Bit 1-Chip Microcomputer 

■ Description 

The SM-540 is a 4-bit single chip CMOS micro- 
computer with 2,016 bytes of ROM, 128 words of 
RAM, a 15-stage divider and a 256-segment liq- 
uid crystal driver circuit. It is well suited for 
low power applications with 16X16 dot-matrix liq- 
uid crystal display. 


■ Features 

1. CMOS process 

2. ROM capacity 2,016X8 bits 

3. RAM capacity 128X4 bits 

4. Instructions 57 

5. Subroutine nesting 2 levels 

6. Input ports 6 bits 

7. Output ports 55 bits 

8. On-chip 15-stage divider with reset 
(timer circuit) 

9. Direct LCD driver circuit (4.5V, 1/8 duty, 
1/3 bias and 256 segments MAX.) 

10. On-chip clock generator circuit 

11. Standby mode (1 juA current consumption) 

12. Single power supply —4.5V (TYP.) 

13. Instruction cycle 16 ps 

14. 60 -pin quad-flat package 


■ Pin Connections 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-540 


Block Diagram 


Segment Output 


<<8X47X46X45X44X43X42X4lX40X39X37X36X35X34X33X32X3lX30X29X28X27> 


Output (r 
I/O 

P°rt i /O 



Segment 


Vdd Vc Vdisp 


v — y — / Tone 

Oscillator Output 


Symbol description 
ALU 
Acc 
C 

P, Pl 


Arithmetic logic unit 
Accumulator 
Carry F/F 
Program counter 


SCi, SC2 ' Stack register of program counter 


CG ' Clock generator 

DIV I Frequency divider 

Bm, Bl • RAM address register 

S I Shift register 

X, SB * Temporary register 
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SM-540 


CMOS 4-Bit 1-Chip Microcomputer 


■ Pin Description 


Pin name 

1/0 

Circuit type 

Function 

Ki~K 4 

i 1 


Acc — K!~K 4 

Ra 

I/O 

Pull down 

R register output ; 

a F/F is input when R register Ra is reset 

Rb 

I/O 

Pull down 

R register output ; 

PF/F is input when R register Rb is reset 

ai~a 16 

bi'-'b-ie 

0 


Display RAM contents output as LCD segment signals 

00 

0 


8-value output capability;used for LCD common output 

S1-S4 

0 


S register output 

RC 

0 


R register output 

ALM 

0 


For sound generator 

T 

I 

Pull up 

For test (Connected to GND normally) 

Sync 

I 


External clock input 

Rf 

0 


System clock output 

Vc 

0 


When system clock is running, 
output at the same voltage as V DD 

Vdisp 



LCD driver power supply 

V DD , GND 



Power supply for logic circuit 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 


Vdd 

- 5,5 ~ + 0.3 

V 

1 

Pin voltage 

Vdisp 

— 5.5 — K0.3 

V 

1,2 


V,N 

V M — 0.3 — h0.3 

*V 

1 

Operating temperature 

T„„ r 

-5~ + 50 

°c 


Storage temperature 



— 55 — h 150 

°c 



Note 1: The maximum applicable voltage on any pin with respect to GND. 
Note 2: Vdisp^Vdd 


■ Recommended Operating Conditions 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage 

Vdd 

— 5.5 — b4.0 

V 

Vdisp 

— 5.5 — 1 — 3.0 

V 

Oscillator frequency 

lose 

120(TYP.) 

kHz 


120 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-540 


Electrical Characteristics 


(V dd =- 4.5V, Ta = 25°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input voltage 

V,H 




0.6 

V 

3 

V,L 


V dd +0.6 



V 

Input current 

IlHl 

V IN = 0V 



20 

M 

4 

I.Ll 

V IN = — 4.5V 



1.5 

/uA- 

IlH2 

> 

o 

II 

z 

> 

_ 



3.0 

M A 

5 

IlL2 

V 1N = — 4.5V 



1.5 

M 

Output voltage 

VoA 

No load condition V D1SP =— 4.5V 

-0.2 



V 

6 

VoB 

No load condition V DISP = — 4.5V 

-1.38 


-0.97 

V 

Voc 

No load condition V DISP = — 4.5V 

-3.53 


-3.12 

V 

Vqd 

No load condition V D1SP = — 4.5V 



-4.3 

V 

< 

o 

m 

No load condition V DISP = — 4.5V 

-2.35 


-1.95 

V 

Vof 

No load condition V DISP = — 4.5V 

-2.55 


-2.15 

V 

Output current 

loHl 

V O ut=-0.5V 

40 



//A 

7 

Wl 

V OU t=V dd +0.5V 

2 



m a 

IoiI2 

V out = ~ 0.5V 

100 



M 

5 

IoL2 

V out = V dd - ^ - 0*5V 

2 



^ A 

IoH3 

V O ut=-0.5V , 

100 



JUA 

8 

IoL3 

V O ut=V dd +0.5V 

5 



V A 

IoH4 

V OU t=-0.5V 

100 




9 

I<0L4 

V out = V DD + 0.5 V 

100 



M A 

Current consumption 

Ida 

During operation 


230 


M A 

10 

Ids 

During system clock stop 


1 




Note 

Note 

Note 

Note 

Note 

Note 

Note 


Note 10: 


Applied to pins Ki~K 4, Ra, Rb 

Applied to pins Ki~Kj 

Applied to pins Ra, Rb 

Applied to pins Hi — Ha, ai—aie, bi- 

Applied to pins Si '-Si 

Applied to pin RC 

Applied to pin ALM 

fosc=120kHz(TYP.) and Vdjsp=— 4. 


• Hi~H 8 Waveform 


• ai~a8,bi~bg Waveform 


bia 


5V 




■-VoA 
— V„b 
V oc 

--v ()i) 


Vo, 

I- V ok 

V (,K 

Vnn 


• Clock from external input pin SYNC 
50 kHz~ 144 kHz 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-540 


■ Application 

1. Game machine 


■ System Configuration (for LCD game) 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-550/SM-555 


SM-550/SM-555 Microcomputer 


■ Description 

The SM-550/SM-555 are 4-bit single chip 
CMOS microcomputers with 1,024 bytes of ROM, 
80 words of RAM, a 15 stage divider and an event 
counter. 

They has the advantages of high-speed instruc- 
tion cycle of 1.6 /<s(SM-550)/3.3 //s(SM-555), 5 
different interrupts, subroutine stack in the RAM 
area, and byte-by-byte data transfer capability. 

They are well suited for low power application 
systems with many control ports. 

■ Features 

1. CMOS process 

2. ROM capacity 1,024X8 bits 

3. RAM capacity 80X4 bits 

4. Instructions 94 

5. Subroutine nesting using RAM area 

6. Input ports 4 bits 

7. Output ports 8 bits 

8. Input/Output ports 24 bits 

9. Interrupt function 

External interrupts 2 
Internal interrupts 3 

10. External ROM/RAM expandable 

11. Timer/event counter 

12. Serial interface 8 bits 

13. Standby mode (10 /uA current consumption) 

14. Single power supply (2.7 ~ 5.5V) 

15. Instruction cycle (MIN.) 

1.6 //s(SM-550) 

3.3 //s(SM-555) 

16. 48 -pin quad-flat package 


■ Pin Connections 
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CMOS 4-Bit, 1 -Chip Microcomputer 


SM-550/SM-555 


J 


■ Block Diagram 



Symbol description 

A,B ! Accumulators 

ACL Auto clear circuit 

ALU ! Arithmetic logic unit 

CG ! Clock generator 

DIV ! Divider 

H,L,D,E ! General-purpose registers 

IE ! Interrupt enable F/F 

IFT,IFA,IFS 

IFB,IFV ! Interrupt requests 

IME Interrupt mask enable F/F 


Pr, Pi. I Program counters 

P0~PB ! Registers 

PS W ! Program status word register 

RD,RE,RF ! Mode registers 

SB Shift registers 

SP : Stack pointer 

TC ! Count registers 

TM I Module registers 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-550/SM-555 


■ Pin Description 


Pin name 

I/O 

Circuit type 

Function 

P7 

I 

Pull up 

4-bit parallel 

P0, PI 

P5, P8 

I/O 

Input-pull up 

I/O selectable by instruction 

P6 

I/O 

Input-pull up 

I/O selectable using RF register 

P4 

I/O 

Input-pull up 

Serial interface input capability using RE register 

P2, P3 

0 


4-bit parallel 

INTA, INTB 

I 

Pull up 

Interrupt input 

TEST 

I 

Pull down 

For test (Connected to GND normally) 

RESET 

I 

Pull up 

Auto clear 


0 


System clock output 

CK U CK 2 



For system clock oscillation 

OSQn, OSCqut 



For clock oscillation 

V DD , GND 



Power supply for logic circuit 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 

Supply voltage 

Vdd 

— 0.3 — I- 7.5 

V 

1 

Input voltage 

Vin 

-0.3~V dd + 0.3 

V 

1 

Output voltage 

VoUT 

-0.3~V dd + 0.3 

V 

1 

Output current 

loUT 

40 

mA 

2 

Operating temperature 

T 

A opr 

-20- + 70 

°C 


Storage temperature 

T st g 

— 55 — h 150 

°c 



Note 1: The maximum applicable voltage on any pin with respect to GND. 
Note 2: Sum of current output from (or flowing into) output pin. 


■ Recommended Operating Conditions 


Parameter 

Symbol 

Conditions 

MIN. - 

TYP. 

MAX. 

Unit 

Note 

Supply voltage 

Vdd 


2.7 


5.5 

V 


Crystal oscillator frequency 

lose 



32.768 


kHz 

3 

Basic clock 

oscillator 

frequency 

SM-550 

f 

V dd = 5V 

0.25 


2.5 

MHz 


V dd — 3V 

0.25 


1 

4 

SM-555 

f 

V dd = 5V 

0.25 


1.2 

MHz 

V dd =3V 

0.25 


0.48 



Note 3: Oscillation start time : within 10 seconds 
Note 4: Degree of fluctuation frequency : ± 30% 
(tolerance of voltage fluctuation: ±10%) 
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CMOS 4-Bit 1 -Chip Microcomputer 


SM-550/SM-555 


■ Electrical Characteristics (v DD =2.7~-5.5V,Ta.= -20~+70°C) 



Note 1 : Applied to pins POo~P 03 , Plo~Pl3, P 4 o~P 43, P5o—P53, P6o— P63, P8o~P83 (during input mode) 
P 7 o~P 73 , INTA, INTB, RESET. 

Note 2 : Applied to pins CKi, OSCin, TEST. 

Note 3 : Applied to pin CK2 

Note 4 : Applied to pin 

Note 5 : Applied to pins POo~P 03 , Plo~Pl3, P4 o~P43, P5o~P53, P60—P63, 

P8o~P 83 (during output mode) 

P2o~P23, P3o~P33 
Note 6: No-load condition 

Note 7: No-load condition when crystal oscillation circuit is not operating. Connect OSCin pin to GND. 

Note 8: No-load condition when crystal oscillation circuit is operating 


• Oscillation circuit 


CKi CK2 OSCin OSCout 



Co=15pF, Ci) = 22pF 


• Clock oscillation circuit 

The clock oscillation circuit is composed by con- 
necting a resistance to the CKi and CK 2 pins. When 
inputting an external clock directly, input it 
through CKi and leave CK 2 open. 

The system clock ( ) used is the clock supplied 
to CKi divided by 4. 



CR oscillation External clock 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-550/SM-555 


■ Applications 

1. Controllers for various home appliances, au- 
dio equipment, office equipment, etc. 

2. Vending machines 

I System Configuration (for mechanism controller) 


+ 5V 



^"Control signals 
Input signals 
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CMOS 4-Bit 1-Chip Microcomputer SM-551/SM-556 

SM-551/SM-556 SKST* 


■ Description 

The SM-551/SM-556 is a 4-bit single chip 
CMOS microcomputer with 2,048 bytes of ROM, 
128 words of RAM, a 15 -stage divider, an event 
counter and 48 I/O ports. It has the advantages of 
a high-speed instruction cycle of 1.6 jus, 5 differ- 
ent interrupts, subroutine stack in the RAM area, 
and byte-by-byte transfer capability. It is well 
suited for low power application systems with 
many control ports. 


■ Features 

1. CMOS process 

2. ROM capacity 2,048X8 bits 

3. RAM capacity 128X4 bits 

4. Instructions 94 

5. Subroutine nesting using RAM area 

6. Input ports 4 bits 

7. Output ports 16 bits 

8. Input/Output ports 28 bits 

9. Interrupt function 

External interrupt 2 
Internal interrupt 3 

10. External ROM/RAM expandable 

11. Timer/event counter 

12. Serial interface 8 bits 

13. Standby mode (10 juA current consumption) 

14. Single power supply ( + 2.7 — H5.5V) 

15. Instruction cycle (MIN.) 

1.6^s(SM-551) 

3.3 //s(SM-556) 

16. 60-pin quad-flat package 


■ Pin Connections 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-551/SM-556 


■ Block Diagram 



Symbol description 
A, B 
ACL 
ALU 
CG 
DIV 

H, L,D, E 
IE 

I FT, IFA, 

IFS, IFB, IFV 


Accumulators 
Auto clear 
Arithmetic logic unit 
Clock generator 
Divider 

General-purpose registers 
Interrupt enable F/F 

Interrupt requests 


IME I Interrupt mask enable F/F 

PU, PL ' Program counters 

PO—PB ! Registers 

PSW : Program status word register 

RD, RE, RF I Mode registers 

SB I Shift register 

SP ! Stack pointer 

TC ! Count register 

TM : Module register 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-551/SM-556 


■ Pin Description 


Pin name 

I/O 

Circuit type 

Function 

P7 

I 

Pull up 

4-bit pararell 

P0, PI 

P5, P8 

I/O 

Input-pull up 

I/O selectable by instruction 

P6 

I/O 

Input-pull up 

I/O selectable using RF register 

P4 

I/O 

Input-pull up 

Serial interface input capability using RE register 

P9, PA, PB 

I/O 

Input-pull up 

I/O selectable by instruction 

P2, P3 

0 


4-bit pararell 

INTA, INTB 

I 

Pull up 

Interrupt input 

TEST 

I 

Pull down 

For test (Connected to GND normally) 

RESET 

I 

Pull up 

Auto clear 

* 

0 


System clock output 

CK X , CK 2 



For system clock oscillation 

OSC IN , OSCq UT 


' 

For clock oscillation 

V dd ,gnd 



Power supply for logic curcuit 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 

Supply voltage 

Vdd 

— 0.3 — H7.5 

V 

1 

Input voltage 

V,N 

-0.3~V dd +0.3 

V 

1 

Output voltage 

VoUT 

-0.3~V dd +0.3 

V 

1 

Output current 

loiTT 

40 

mA 

2 

Operating temperature 

Topr 

-20— + 70 

°C 


Storage temperature 

Tst« 

-55- + 150 

°C 



Note 1: The maximum applicable voltage on any pin with respect to GND. 
Note 2: Sum of current output from (or flowing into) output pin. 


■ Recommended Operating Conditions 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Supply voltage 

Vdd 


2.7 


5.5 

V 


Crystal oscillator frequency 

lose 



32.768 


kHz 

3 

Basic clock 

oscillation 

frequency 

SM-551 

f 

V dd =5.0V 

0.25 


2.5 

MHz 


V dd =3.0V 

0.25 


1.0 

A 

SM-556 

f 

V dd =5.0V 

0.25 


1.2 

MHz 

4 

V D d=3.0V 

0.25 


0.48 



Note 3: Oscillation start time : within 10 seconds 
Note 4: Degree of fluctuation frequency : ±30% 
(tolerance of voltage fluctuation : ±10%) 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-551/SM-556 


■ Electrical Characteristics (v DO =2.7~5.5V, Ta=-20~+70°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input voltage 

Vim 


0.7V dd 


■ V m > 

V 

5 

V,L, 


0 


0.3 V DD 

V 

V,„ 2 


V DD — 0.5 


Vdd 

V 

6 

V, L2 


0 


0.5 

V 

Input current 

IlN 

v,„=ov 


2 


200 

M 

5 

V di ,=5.0V±10% 

20 


200 

Output current 

Im 

V O i.=V di >-0.5V 

50 



M 

7 

loLl 

V ol =0.5V 

250 



M 

Ion 2 

Voii = V dd -0.5V 

100 



M 

8 

IoL2 

Vol=0.5V 

500 



M 

Iona 

Von - 


100 



M 

9 

V dd -0.5V 

V dd =5.0V + 10% 

400 



IoL3 

Vol=0.5V 


0.5 



mA 

V dd =5.0V±10% 

1.6 



Current consumption 

lop 

f=0.5 MHz, V dd =3.0V + 10% 


0.9 


mA 

10 

£= 1 MHz, V dd =5.0V + 10% 


1 


1st 

Standby current 


5 



11 


V dr =3.0V + 10% 


12 


M 

12 

V dd =5.0V±10% 


50 



Note 5'. Applied to pins POo~P03, Plo~Pl3, P4o~P43, P5 o~P53, 

P6o~P63, P8o~P83, P9o~P 93 (during input mode) 
P7 o~P7 3 , INTA, INTB, RESET. 

Note 6'- Applied to pins CKi, OSCin, TEST. 

Note 7 - Applied to pin CK 2 
Note 8: Applied to pin 0 

Note 9: Applied to pins POo—PCh, Plo~Pla, P4o~P4:t, P5 o~P53, 

P6o~P63, P8o~P83, P9o~P 93 (during output mode) 
P2 o~P23, P3o~P33, PAo-PAs, PBo-PBa 
Note 10: No-load condition 

Note 11: No-load condition when crystal oscillation circuit is nbt operating 
Note 12: No-load condition when crystal oscillation circuit is operating 


• Oscillation Circuit 



• Clock Oscillation Circuit 

The clock oscillation circuit is composed by con- 
necting a resistance to the CKi and CK2 pins. When 
inputting an external clock directly, input it 
through CKi and leave CK2 open. 

The system clock ( ) used is the clock supplied 
to CKi divided by 4. 


C ( ; = 15pF, C,) = 22pF 


c— 

CK! 

External clock > 

CKj 

H 

ck 2 

Open 

ck 2 


CR oscillation External clock 
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CMOS 4-Bit 1 -Chip Microcomputer SM-551/SM-556 


J £ //-/'// / / I £ / / / / £ / 


■ Applications 

1. Controllers for varioiis home appliances, audio 
equipment, office equipment, etc. 

2. Vending machines 

■ System Configuration (for mechanism controller) 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-552/SM-557 


SM-552/SM-557 Microcomputer 


■ Description 

The SM-552/SM-557 is a 4-bit single chip 
CMOS microcomputer with 4,096 bytes of ROM, 
256words of RAM, a 15 stage divider and an event 
counter. 

They has the advantages of high-speed instruc- 
tion cycle of 1.6/^s (SM-552)/3.3 ^s (SM-557), 5 
different interrupts, subroutine stack in the RAM 
area, and byte-by-byte data transfer capability. 

They ard^ well suited for low power application 
systems with many control ports. 


■ Features 

1. CMOS process 

2. ROM capacity 4,096X8 bits 

3. RAM capacity 256X4 bits 

4. Instructions 94 

5. Subroutine nesting using RAM area 

6. Input ports 4 bits 

7. Output ports 16 bits 

8. Input/Output ports 28 bits 

9. Interrupt function 

External interrupts 2 
Internal interrupts 3 

10. External ROM/RAM expandable 

11. Timer/event counter 

12. Serial interface 8 bits 

13. Standby mod6 (10 //A current consumption) 

14. Single power supply (2.7 — 5.5V) 

15. Instruction cycle (MIN.) 

1.6/zs(SM-552) 

3.3 //s(SM-557) 

16. 60 -pin quad-flat package 


■ Pin Connections 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-552/SM-557 


■ Block Diagram 



Symbol description 

A,B i Accumulators 

ACL ! Auto clear circuit 

ALU Arithmetic logic unit 

CG ! Clock generator 

DIV ! Divider 

H,L,D,E 1 General-purpose registers 

IE ! Interrupt enable F/F 

IFT,IFA, IFS 

IFB,IFV Interrupt requests 

IME I Interrupt mask enable F/F 


Pu, Pl 

i Program counters 

PO-PB 

! Registers 

PSW 

! Program status word register 

RD,RE,RF 

i Mode registers 

SB 

! Shift registers 

SP 

' Stack pointer 

TC 

! Count registers 

TM 

’ Module registers 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-552/SM-557 


■ Pin Description 


Pin name 

I/O 

Circuit type 

Function 

P7 

I 

Pull up 

4-bit parallel 

PO, PI 

P5, P8 

I/O 

Input-pull up 

I/O selectable by instruction 

P6 

I/O 

Input-pull up 

I/O selectable using RF register 

P4 

I/O 

Input-pull up 

Serial interface input capability using RE register 

P9, PA, PB 

I/O 

Input-pull up 

I/O selectable by instruction 

P2, P3 

0 


4-bit parallel 

INTA, INTB 

I . 

Pull up 

Interrupt input 

TEST 

I 

Pull down 

For test (Connected to GND normally) 

RESET 

I 

Pull up 

Auto clear 


0 


System clock output 

CK!,CK 2 



For system clock oscillation 

OSCin, OSCq UT 



For clock oscillation 

V DD , GND 



Power supply for logic circuit 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 

Supply voltage 

Vdd 

— 0.3 — I- 7.5 

V 

1 

Input voltage 

V,N 

-0.3~V dd + 0.3 

V 

1 

Output voltage 

VoiJT 

— 0.3~V dd + 0.3 

V 

1 

Output current 

loiIT 

40 

mA 

2 

Operating temperature 

T 

opr 

— 20 — H70 

°c 


Storage temperature 

Lits 

— 55- + 150 

°c 



Note 1: The maximum applicable voltage on any pin with respect to GND. 
Note 2: Sum of current output from (or flowing into) output pin. 


■ Recommended Operating Conditions 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Supply voltage 

Vdd 

2.7 


5.5 

V 


Crystal oscillator frequency 

fosc 


32.768 


kHz 


Basic clock 

oscillator 

frequency 

SM-552 

f 

0.25 


2.5 

MHz 

3 

0.25 


1 

4 

SM-557 

f 

0.25 


1.2 

MHz 

3 

0.25 


0.48 

4 


Note 3: Vdd=5.0V 
Note 4 : Vdd = 3.0V 
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CMOS 4-Bit 1 -Chip Microcomputer 


SM-552/SM-557 


■ Electrical Characteristics (v Dri =2.7~5.5V, Ta=-2,o~+70‘ , C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

, MAX. 

Unit 

Note 

Input voltage 

v IH1 


0.7V dd 


Vdd 

V 

5 

V, L1 


0 


0.3V dd 

V i 

V„ l2 


^ DD 0*5 


Vdd 

V 

6 

V IL2 


0 


0.5 

V 

Input current 

IlN 


2 


200 

M 

5 

IN | V dd =5.0V±10% 

20 


200 

Output current 

loHl 

V O h = V dd -0.5V 

50 



//A 

7 

loLl 

V ol = 0.5V 

250 



M 

Ioil2 

Voii = V dd -0.5V 

100' 




8 

IoL2 

V ol = Q.5V 

500 



j“A 

Id! 3 

VoiI = 

100 



M 

9 

V dd -0.5V 1 V DI) =5.0V±10% 

400 



IoL3 

— A 17 ■! T 

0.5 



mA 

OL ' | V dd =5.0V±10% 

1.6 



Current consumption 

Iop 

f=0.5 MHzV dd =3.0V±10% 


0.3 


mA 

10 

f= 1 MHz V dd = 5.0V±10% 


1 


1st 

Standby current 


50 


M 

11 


5 


12 


Note 5: Applied to pins PO 0 —PO 3 , Plo—Pls, P40--P43, P5o~P5 a, P6o~P63, P8o~P8 a, 
P9 o~P 93 (during input mode) P7 o~P7:j, INTA, INTB, RESET. 
Note 6: Applied to pins CKi, OSC IN , TEST. 

Note 7: Applied to pin CK 2 
Note 8: Applied to pin 4> 

Note 9: Applied to pins POo~P03, Plo~Pl3, P4o~P43, P5o~P53, P6o~P63, 

P8o~P 83 , P9o~P93 , (during output mode) 

P2o—P22, P3o~P3 3 , PAo-PAs, PBo-PBa 
Note. 10: No-load condition 

Note. 11: No-load condition when crystal oscillation circuit is operating 
Note. 12: No-load condition when crystal oscillation circuit is not operating 


• Oscillation Circuit 



• Clock Oscillation Circuit 

The clock oscillation circuit is composed by con- 
necting a resistance to the CKi and CK2 pins. When 
inputting an external clock directly, input it 
through CKi and leave CK2 open. 

The system clock ( ) used is the clock supplied 
to CKi divided by 4. 


15pF, Cd= 22 p F 


> 

CKi 

External clock > 

CKi 

L_ 

ck 2 

Open 

ck 2 


CR oscillation External clock 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-552/SM-557 


■ Applications 

1. Controllers for various home appliances, audio 
equipment, office equipment, etc. 

2. Vending machines 

I System Configuration (for mechanism controller) 


+ 5V 



r Control signals 


Input signals 
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SM-5E3 


CMOS 4-Bit 1-Chip Microcomputer 


SM-5E3 


CMOS 4-Bit 1-Chip Microcomputer 


■ Description 

The SM-5E3 is a 4-bit single chip CMOS micro- 
computer with 4,096 bytes of ROM, 256 words of 
RAM, a 15 stage divider and an event counter. It 
has the advantages of a high-speed instruction cy- 
cle of 1.6 jus, 5 different interrupts, subroutine 
stack in the RAM area, and byte-by-byte data 
transfer capability. It is well suited for low pow- 
er application systems with many control ports. 


■ Features 

1. CMOS process 

2. ROM capacity 4,096X8 bits 

3. RAM capacity 256X4 bits 

4. Instructions 99 

5. Subroutine nesting using RAM area 

6. Input ports 4 bits 

7. Output ports 16 bits 

8. Input/Output ports 48 bits 

9. Interrupt function (External interrupts 2 and 
internal interrupts 3) 

10. External ROM/RAM expandable 

11. Timer/event counter 

12. Serial interface 8 bits 

13. Standby mode (50 ju A current consumption) 

14. Single power supply (+2.7 — + 5.5V) 

15. 1.6 jus instruction cycle (MIN.) 

16. 80-pin quad-flat package 


■ Pin Connections 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-563 


CMOS 4-Bit 1-Chip Microcomputer 

■ Description 

The SM-563 is a 4-bit single chip CMOS micro- 
compter with 4,096 bytes of ROM, 160X4 bits of 
RAM, timer/event-counter and multiplex interrupt. 

It is best suited to controllers of application sys- 
tems to drive multi LCD segments. 


■ Features 

1. CMOS process 

2. ROM capacity 4,096X8 bits 

3. RAM capacity 160X4 bits 

(including 32X4 bits for display) 

4. Instructions 93 

5. Subroutine nesting using RAM area 

6. Input ports 4 bits 

7. Input/Output ports 1 1 bits 

8. Timer /event-counter 

9. Interrupt functions 5 

External interrupt 
Serial I/O interrupt 
Timer/event-counter interrupt 
f4 signal interrupt 
Divider overflow interrupt 

10. Serial interface 8 bits 

11. Standby mode 

12. Direct LCD driver circuits (1/4 duty, 1/3 bias 
and 128 segments (MAX.)) 

13. Insturuction cycle 6.67 /us (MIN.) 

14. Single power supply (2.7 ~ 5.5V) 

15. 64-pin quad-flat package 


Pin Connections 


© — o 

«oeo=00=-. 

CO CO CM — C/3 CO Z CM CM CM 

PhPh Pu>ooOPhPuPh 



Top View 


SM-563 
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SM-563 


CMOS 4-Bit 1-Chip Microcomputer 


■ Block Diagram 



Symbol description 

A,B : Accumulators 

ACL : Auto clear 

ALU : Arithmetic logic unit 

BR,DS : Common signal control F/F 

CG : Clock generator 

DIV : Divider 

D,E,H,L : General-purpose registers 

HC : Common signal circuit 

IE : Interrupt enable F/F 

IFA,IFB 

IFS,IFT,IFV: Interrupt requests 


IME . : Interrupt mask enable F F 

P1 — P3 : Registers 

PL,PU : Program counters 

PSW : Program status word register 

R4~R7 : General-purpose registers 

RD,RE,RF : Mode registers 

SB : Shift register 

SP : Stack pointer 

TC : Count register 

TM : Module register 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-563 


■ Pin Description 


Pin name 

I/O 

Circuit type 

Function 

P0 o ~P0 3 

I 

Pull up 

Acc P0 o ~P0 3 

Plo~Pl 3 

I/O 

Pull up 

I/O selectable by instruction 

P2 0 ~P2 3 

I/O 

Pull up 

I/O selectable individually 

Sound output only when P2 3 pin is used for output 

P3o-P3 3 

I/O 

Pull up 

Serial interface input capability using RE register 

So~S 3 i 

0 


Display RAM contents output as LCD segment signals 

Hi~H 4 

0 


4-value output capability ; used for LCD common output 

TEST 

I 

Pull down 

For test (Connected to GND normally) 

RESET 

I 

Pull up 

Auto clear 

* 

0 


System clock output 

CK lf CK 2 



For system clock oscillation 

OSC IN , OSCqut 



For clock oscillation 

Vdsp» Vqa, Vqb 



LCD driver power supply 

V DD , GND 



Power supply for logic circuit 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 

Supply voltage 

Vdd 

— 0.3~ + 7 

V 

1 

Vdsp 

— 0.3 — 1-7 

V 

Input voltage 

V, N 

-0.3~V dd +0.3 

V 

1 

Output voltage 

VoiIT 

— 0.3— V dd +0.3 

V 

1 

Output current 

I OUT 

20 

mA 

2 

Operating temperature 

T 

1 opr 

— 20— + 70 

°C 


Storage temperature 

Urn 

— 55 — b 150 

°C 



Note 1 : The maximum applicable voltage on any pin with respect to GND. 
Note 2 : Sum of current output from (or flowing into ) output pin. 


■ Recommended Operating Conditions (V DD - 2 . 7 ~ 5 . 5 V) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Supply voltage 

Vdd 


2.7 


5.5 

V 


Vdsp 


2.7 


Vdd 

V 

Basic clock oscillator 
frequency 

f 


250 


600 

kHz 

" 

3 

V dd = 4.5~5.5V 

250 


2000 

Instruction cycle 

t 


6.6 


16 

M* 


Vdd = 4.5 -5.5 V 

2 


16 

Crystal oscillator frequency 

lose 



32.768 


kHz 



Note 3: Degree of fluctuation frequency: ±30% 


• Oscillation circuit 


t 


+/W 

R 


j 


OSCiN OSCout 


M Crystal n 
■> — 101 — •' 



Cc = 15pF, Co = 22pF 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-563 


Electrical Characteristics 


(V DD = 2.7 -5.5V, Ta= — 20~ + 70°CK 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 


v,„, 


0.7 Vdd 


Vdd 

V 

1 

Input voltage 

v 1L1 


0 


0.3 V D d 

V 

V,H 2 


V DD ~ 0.5 


Vdd 

V 

2 


Vil2 


0 


0.5 

V 

Input current 

IlH 

> 

0 

II 

2 

> 


20 


200 

M 

1 

1 V dd =4.5~5.5V 

2 


200 


loHl 

V O h = V dd -0.5V 

50 



M 

3 


loLl 

V ol =0.5V 

250 



M 


IoH 2 

V O h = V dd -0.5V 

5 


250 

M 

4 

Output current 

IoL 2 

V ol = 0.5V 

500 



M 


IoH3 

VoH~ 


400 






V dd -0.5V 

1 V dd =4.5~5.5V 

100 



5 


IoL3 

V ol =0.5V 


1.6 



mA 



V dd =4.5~5.5V 

0.5 




Output impedance 

Rc 



5 

20 

kfl 

6 

Rs 



10 

40 

kn 

7 


Vi 


2.7 


3 

V 


Output voltage 

V 2 

V dsp =3.0V 


1.7 

2 

2.3 

V 

8 

V 3 

No-load 


0.7 

1 

1.3 

V 


V 4 



0 


0.3 

V 



Iop 

f=600kHz, V dd =3.0V | 


1 0.4 

1.5 

mA 

9 

Current consumption 

1st 

Standby mode 

V dsp = 3.0V 


15 

40 

M 

10 


V dd =3.0V 


8 

20 

11 


Note 1: Applied to pins P0o~P0i, RESET 

Plo PI 3, P2 o~P23, P3o~P 32 (during input mode) 
CKi, Test, OSCin 
CK2 

Plo—Pls (during output mode) 

P2o~P23, P3o~P 32 (during output mode) 

* 

Hi~Hi 
S()~S31 

H 2 H 4 , So~S3i 


Note 

Note 

Note 

Note 


Applied to pins ( 
Applied to pin 
Applied to pins 1 
Applied to pins 1 


Note 6 
Note 7 
Note 8 


Applied to pins 1 
Applied to pins ‘ 
Applied to pins 1 


H 4 waveform 




if 


r 


- Vi 

-v 2 

-v 3 

-v 4 


V OA V OB 


COA 1 


Coa^IjuF, Cob^IjuF 


' Cob 


Tfr 


Note 9 
Note 10: 
Note 11 


No-load condition 

No-load condition when bleader resistance is ON 
No-load condition when bleader resistance is OFF 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-563 


■ Applications 

The instruction cycle of the SM563 is fast and 
the unit operates on little power, and therefore it is 
ideal for use as a controller with a liquid crystal 
display in a wide range of hand-held equipment 
and home appliances. 


■ Applications Example 

Portable devices, auto dialers, sphygmomano- 
meters, thermometers, pulsemeters, radio control- 
lers, cameras, home appliances, various timers, 
VTR timers, home security system, pocket games 


■ System Configuration 


Key matrix 
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CMOS 4- Bit 1-Chip Microcomputer 


SM-572 


SM-572 


CMOS 4-Bit 1-Chip Microcomputer 


■ Description / 

The SM-572 is a 4 -bit single chip CMOS micro- 
computer with 2,032X9 bits of ROM, 128X4 bits 
of RAM, 8 bits A/D converter and timer/counter. 

It is best suited for applications requiring A/D 
circuits. 


■ Features 

1. CMOS process 

2. ROM capacity 2,032 X 9 bits 

3. RAM capacity 128X4 bits 

4. Instructions 93 

5. Subroutine nesting 6 levels 

6. Input ports 8 bits 

7. Output port 1 bit 

8. Input/Output ports 40 bits 

9. Timer/counter 

8 -bit counters 2 

10. Interrupt function 

External interrupt 2 
Timer interrupt 2 

11. A/D converter 8 bits 

Conversion time 32//s(MIN.) 

12. Single power supply (2.7 ~ 5.5V) 

13. Instruction cycle 2 ^s (MIN.) 

14. 60 -pin quad-flat package 


■ Pin Connections 



0 CJ co t* in Z ^ oo a> 2 ~ 2 



NN.NNNNNo NNNNNNN 



|45l [44] l43| M (4ll |40l |39l PI |37| |3^ |35| PI |33| P 


FI 

r 

30j Z 1 4 

Vrh Ez 


H Zl5 

KCsEl 


1KL 

KC 2 IH 


97 ] OSC I\/ 

24 KT 

KCiH 


H OSCout 

KCoHI 


IT 

R33 lH 


E KI 

R 32 m 


m KH 

R3i HI 


1 P 3 

R3o HI 


1 p 2 

R2 3 HI 


U Pi 

R2 2 HI 


m Po 

R2i H 


H f(H’T 

R2o HI 


m CL 2 

VrlHo 

O 

1 CLi 


^ UJ UJ LiJ LiJ LU LiJLLJl£JbiJllo|llUiUyiiil y 



SSS ^Top View 


0 > < 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-572 


■ Block Diagram 


Input/Output Port 


Input! 

Port 



Input Output Port 


Input Port 


CLi CL 2 OSCfx/ OS Col t 
Input port 


Symbol description 

ALU : Arithmetic logic unit 
X : X register 

B : RAM address register 

C : Carry F/F 

PC : Program counter 
SP : Stack pointer 

CG : System clock generator 

MPX.: Multiplexer 

A/D : A D convertor and Comparator unit 


Acc : Accumulator 

SR : Stack register 

R0,R1,R2,R3 : Latch 
DIV : Divider 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-572 


■ Pin Description 


Pin name 

I/O 

Circuit type 

Function 

KC 0 ~KC 3 

I 


Acc KC 0 ~ KC 3 or A/D conversion analog input 

KI, KH 

KT, KL 

I 


Acc KI, KH, KT, KL 

KI +7 (IF flag set), KH — (HF flag set), 

KT (External timer signal input) 

Zo~Z 15 

I/O 


Z register contents output;Can be tested individually 
Reset ZF/F when used as input pins 

Po~P 3 

I/O 

3 states 

Acc * P() P 3 

Qo~Q 3 

I/O 


Qo~Q 3 -4— Acc 

Reset QF/F when used as input pins 

RO, Rl, R2 

I/O 


RO, Rl, R2 «— Acc 

Reset RF/F when used as input pins 

F 

0 


Sound output or 1 bit output 

T 

I 

Pull down 

For test (Connected to GND normally) 

ACL 

I 

Pull down 

Auto clear 

'foUT 

0 


System clock output 

CLx, CL2 



For system clock oscillation 

OSC IN , OSCqut 



For clock oscillation 

Vrh» V rl 



A/D conversion standard power supply 

V DD , GND 


' 

Power supply for logic curcuit 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage 

Vdd 

— 0.3 — 1- 7.5 

V 

Input voltage 

V,N 

-0.3~V DD +0.3 

V 

Output voltage 

VoiJT 

~0.3~V dd +0.3 

V 

Output current* 

loUT 

30 

mA 

Operating temperature 

T„„ r 

-10 + 70 

°C 

Storage temperature 

Iks 

-55+150 

°C 


* Source current from output pin or sum of sync current. 


■ Recommended Operating Conditions 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage 

Vdd 

2.7 — 5. 5 

V 

System oscillator frequency . 

fcL 

4-0.2 (V DD — 5V) 

MHz 

2-0.2 (V dd =3V) 

System clock frequency 

fs 

500-50 (V DD =5V) 

kHz 

250-50 (V dd =3V) 

Timer clock frequency 

fosc 

32.768 (TYP.) 

kHz 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-572 


■ Electrical Characteristics (v DD =2.7~5.5V,Ta=-20~+70°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input voltage 

V„,i 


0.7 V DD 


V DD 

V 

1 

V IL1 


0 


0.3V dd 

V,„2 


V DD — 0.5 


Vdd 

V 

2 

V,L2 


0 


0.5 

Input current 

IlHl 

V in = V dd 

V dd =5.0V±I0% 

80 

300 

800 

M 

3 

V dd =3.0V + 10% 

20 

90 

300 

IlII2 

V,n=V D d 

V d „=5.0V±10% 

8 

25 

100 

M 

4 

V dd =3.0V±10% 

2 

8 

35 

Output current 

loll 1 

V o „=V DI) -0.5V 

V dd =5.0V + 10% 

l 



mA 

5,6 

V dd =3.0V± 10% 

0.4 



loLl 

V o „ = 0.5V 

V dd =5.0V±10% 

25 



M 

5 


10 



IoL2 

V„„ = 0.5V 

V dd =5.0V±10% 

1 



mA 

6 


0.4 



Ion 

V O ii = V dd -0.5V 

200 



M 

7 

Ion 2 

Vqh = 0.5 V 

200 



ACL input pulse width 

tACL 


V m) =5.0V±10% 

1 




13 

V dd =3.0V±10% 




V DD rise time for 

the internal ACL operation 

tVDD 


V dd =5.0V±10% 



50 

ms 

14 

Vdd = 3.0V ±10% 




Current consumption 

Ia 

/ s = 500kHz 

V dd =5.0V±10% 


1.5 


mA 

8 

V dd =3.0V±10% 


1 


/ s = 100kHz 

V dd =5.0V±10% 


0.5 


V dd =3.0V±10% 


0.3 


1st 

OFF mode 

V i)d =5.0V±10% 


5 


M 

9 

V dd =3.0V±10% 


3 


V dd =5.0V±10% 


50 



10 

V dd =3.0V±10% 


30 


Hold mode 

V dd =5.0V±10% 


400 


M A 

11 

V dd =3.0V±10% 


100 


V dd =5.0V + 10% 


600 


M 

12 

V dd =3.0V±10% 


200 



Note 1: Applied to pins KH, KL, KI, P:i~Po, Qa—Qo, ROa-ROo, Rla-Rlo, R2a~R2o, R3a~R3a, KCa-KCo 
Note 2: Applied to pins Zi5~Zo, CLi, OSCin/KT, ACL 

Note 3: Applied to pins Qs—Qo, R03~ROo, Rl3~Rlo, *R23~R2o, *R33~R3o, *Zis~Zo 
Note 4: Applied to pin ACL 

Note 5: Applied to pins Q3~Qo, R03~ROo, Rl3~Rlo, R23~R2o, R33~R3o, Zis~Zo 
(*If CMOS buffer is specified for mask option, Note 6 applies to these pins.) 

Note 6: Applied to pins P3~Po , F, fom 
Note 7: Applied to pin CL 2 
Note 8: No-load condition 

Note 9: When the OSCin/KT pin is connected to GND and in no-load condition. 

Note 10: When the timer clock crystal oscillation circuit and timer 1 are operating and in no-load condition. 

Note 11: When the OSCin/KT pin is connected to GND and in no-load condition, f s =100kHz 

Note 12: When the OSCin/KT pin is connected to GND and in no-load condition, f s = 500kHz 

Note 13: tACL is the ACL input pulse width required to cause ACL to operate when Vdd has completely risen. 


Vdd 

ACL 



Vdd 

GND 

Vdd - 0.5 V 


tACL 


Note 14: tVDD is the power supply rise time necessary for the built-in ACL to operate (ACL input pin is connected to GND). 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-572 


■ Oscillation Circuit (values for reference) 

(a) System clock frequency generating circuit (example 1) 

(1) 400kHz oscillation (2) 2 MHz oscillation 


OLi 


CL 2 


Ci: 


Rf 

f — W y — f 
i Rd . 

HDhM 


Oscillator KBR-400B ^ Made by Kyocera 


■ C 2 


R f = 1MH 
Rd = 5600 
Ci = 330pF 
C 2 = 330 P F 


Corp. 


CLi 


CL 2 


C 2 ! 


Rf 

" — V'A/ — 4 

•— cm— £ 

I 


Rd 


C 2 


Oscillator KBR-2.0MS 
R f = lMO 
Rd = 820H 
Ci =33pF 
C 2 = 33 P F 


(b) System clock frequency generating circuit (example 2) 


AAA r 
Rf 


j 


N 



V 0D -fcL Characteristics 








Rf = : 

OkO 







Rf = 1 

12 kO 










2 4 6 


Supply voltage Vdd (V) 


(c) Clock generating circuit for timer (example) 


R-f CL Characteristics 



Externally attached resistance R (kfl) 


OSCin/KT OSCo 

Crystal 

— 101 — 


Ci* 


\c 2 


When fosc = 32.768kHz 
Ci = 22pF, C 2 = 22pF 
Crystal : 32.768kHz 


(d) External clock input circuit 


CLi 


CL 2 

t 

Open 

Pulse generator 


OSCin/KT OSCout 

j f 

Open 



Pulse generator 
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CMOS 4-Bit 1-Chip Microcomputer SM-572 


■ System Configuration 






SM-578 


CMOS 4— Bit 1-Chip Microcomputer 


SM-578 


CMOS 4-Bit 1-Chip Microcomputer 


■ Description 

The SM-578 is a 4-bit single chip CMOS micro- 
computer with 4,064X9 bits of ROM, 192X4 bits 
of RAM, 8-bit A/D converter, timer/counter and 
8-bit serial I/O. 

It is best suited for applications requiring A/D 
circuits. 


■ Features 

1. CMOS process 

2. ROM capacity 4,069X9 bits 

3. RAM capacity 192X4 bits 

4. Instructions 93 

5. Subroutine nesting 6 levels 

6. Input ports 8 bits 

7. Output ports 1 bit 

8. Input/Output ports 40 bits 

9. Timer/counter : 8-bit counters 2 

10. Interrupt function 

External interrupts 2/Timer interrupts 2 

11. A/D converter 8 bits 

12. Single power supply (2.7 ~ 5.5V) 

13. Instruction cycle 2 jus (MIN.) 

14. 64 -pin quad-flat package 
64-pin dual-in-line package 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-579 


SM-579 


CMOS 4-Bit 1-Chip Microcomputer 


■ Description 

The SM-579 is a 4-bit single chip CMOS micro- 
computer with 6,094X9 bits of ROM, 256X4 bits 
of RAM, 8-bit A/D converter, timer/counter and 
8-bit Serial I/O. 

It is best suited for applications requiring A/D 
circuits. 


■ Features 

1. CMOS process 

2. ROM capacity 6,096 X 9 bits 

3. RAM capacity 256X4 bits 

4. Instructions 93 

5. Subroutine nesting 6 levels 

6. Input ports 8 bits 

7. Output ports 1 bit 

8. Input/Output ports 40 bits 

9. Timer/counter : 8-bit counters 2 

10. Serial interface 8 bits 

11. Interrupt function 

External interrupts 2 
Timer interrupts 2 

12. A/D converter 8 bits 

13. Single power supply (2.7 ~ 5.5 V) 

14. Instruction cycle 2 jus (MIN.) 

15. 64 -pin quad-flat package 
64-pin dual-in-line package 
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CMOS 4-Bit 1 “Chip Microcomputer SM-590 


SM-590 


CMOS 4-Bit 1-Chip Microcomputer 


■ Description 

The SM-590 is a 4-bit single chip CMOS micro- 
computer with 508 bytes of ROM, 32X4 bits of 
RAM. 

It is best suited for use in a compact controller, a 
system subcontroller and other various application 
systems. 


1 ■ Features 

1. CMOS process 

2. ROM capacity 508 X 8 bits 

3. RAM capacity 32X4 bits 

4. Instructions 41 

5. Subroutine nesting 4 levels 

6. Input/Output ports 15 bits(MAX.) 
Available for use as 10mA output port 
10 bits (MAX.) by mask option 
(R0 0 ~R0 3 , Rlo-RU R3i, R3 2 ) 

7. Standby mode 

8. Single power supply (2.5 ~ 5.5V) 

9. Instruction cycle 1 jus 


Package 

I/O ports 

16DIP 

11 bits 

18DIP 

13bits 

20DIP 

15bits 


■ Pin Connections 



( > 

' 

ROoH 

0 

DVdd 

ROiQ 


ihr22 

RO 2 E 


H)R2i 

RO 3 U 


IHR2o 

r3 3 /cl 2 ii 


URb 

CLid 


IORI 2 

ACLE 


Io]Rli 

gndGE 

V J 

r n 

HRlo 

ROod 


HVi„, 

ROiE 


I3R22 

R23H 


1|R3() 

R02[T 


H]R2i 

RO 3 Q 


U|R2() 

R 33 /CL 2 H 


iURi3 

cliE 


iRb 

aclE 


UlRli 

GND[T 

L J 

/ \ 

ERlo 

R0„E 

n 

20) Vdd 

ROiE 


HR22 

R2 sE 


lR3„ 

ROzE 


I3R2i 

RO 3 E 


H)R2,> 

R 33 /CL 2 E 


TjRb 

cl.E 


I3R12 

R 32 E 


73] R3i 

aclE 


HRli 

gndE 

V J 

T^Rlo 

Top View 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-590 


■ Block Diagram 


Parallel I/O Parallel Out/Osillator 

* ^ Oscillator 



Vdd 

GND 

ACL 


Symbol 

description 



Acc 

: Accumulators 

PC 

Program counter 

ALU 

: Arithmetic logic unit 

R0-R3 

: Register 

B 

: RAM address register 

SP 

: Stack pointer 

C 

: Carry F F 

SR 

: Stack register 

CG 

: Clock generator 

X 

: Temporary register 


■ Pin Description 


Pin name 

I/O 

Circuit type 

Function 

R0 o ~R0 3 

I/O 

Pull down* 1 

Acc * * R0 o R0 3 , ROq' R0 3 * RAM 

R1o-R1 3 

I/O 

Pull down* 1 

Acc R1 0 ~R1 3 , R1 o~R1 3 RAM 

R2 0 ~R2 3 

I/O 

Pull down/open drain* 2 

Acc R2 0 ~R2 3 , R2 0 ~R2 3 «- RAM 

co 

l 

o 

CO 

& 

I/O 

Pull down* 1 

Acc 1 * R3 0 R3 3 , R3 0 R3 3 * RAM 

ACL 

I 

Pull down 

Auto clear 

cl u cl 2 



For system clock oscillation 

V DD , GND 



Power supply for logic circuit 


* 1 Mask option ; Open drain I/O or CMOS output selectable 

* 2 Mask option 
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SM-590 


CMOS 4-Bit 1-Chip Microcomputer 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage 

V DD 

— 0.3 — H7.5 

V 

Input voltage 

Vi 

-0.3~V dd +0.3 

V 

Output voltage 

Vo 

— 0.3~V dd +0.3 

V 

Source output current sum 

SloH 

120 

mA 

Sync output current sum 

SloL 

20 

mA 

Operating temperature 

Toor 

— 10 — (-70 

°C 

Storage temperature 

1ms 

— 55 — h 150 

°C 


■ Recommended Operating Conditions 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vdd 


2.5 


5.5 

V 

Command execution time 

tsYS 

3V + 0.5V 

4 


50 

ps 

5V±0.5V 

1 


50 


■ Clock Input Signal AC Characteristics 


Parameter 

Symbol 

Conditions 

MIN. : 

TYP. 

MAX. 

Unit 

Clock rise time 

tr 

V DD =2.5~5.5V 



50 

ns 

Clock fall time 

t f 

V DD =2.5~5.5V 



50 

Clock pulse width 

t L 

V dd =5V + 0.5V 

0.08 


6.3 

/*s 

t H 

V dd =3V±0.5V 

0.45 


6.3 


Note: When external clock is input 


■ Electrical Characteristics (V DD =2.7v~5.5V,Ta=-iot:~+70'C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input voltage 

V ,H1 


0.7V dd 


Vdd 

V 

1 

V,L1 


0 


0.3V dd 

V 

V, H2 


Vdd - 0.5 


Vdd 

V 

2 

ViL2 


0 


0.5 

V 

V,L3 

V dd =5V±10% 

0.7 

1.4 

2.1 

V 

3 

AVj 

V dd = 5V±1Q% 

1.1 

2 

3-1 

V 

Input current 

IlHl 

Vin — V DD 

V dd =3V±10% 

15 

70 

200 


1 

V dd =5V±10% 

70 

250 

750 

IlH2 

v, N =v DI> 

V dd =3V + 10% 


7 

20 

M 

4 

V dd =5V±10% 


20 

60 

Current consumption 

Iai 

1 t S Ys=2/KS V dd =5V + 10% 


. i 

3 

mA 

5 

Ia2 

1-sys — 1 6 JUS 

V dd =3V±10% 


100 

200 

M 

V dd =5V±10% 


200 

500 

1st 

| Standby mode 


1 

2 

P A 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-590 


Output current (Ta= -10°C ~ +70°C ) 


Io (MIN.) 

Iqh ( m A) 

Iol (mA) 

Iol ( A* A) 

Note 

^^^-^Condition 

Pin 

V dd =5V±10% 
V OH = V dd -2V 

Vdd=3V±10% 

V O h=V dd -0.5V 

Vol=0.4V 

V ol = 0.4V 


V dd =5V+10% 


V dd =5V±10% 


ROo 

10 

1 

1.6 

0.8 

15 

8 


ROx 

10 

1 

1.6 

0.8 

15 

8 

ro 2 

10 

1 

1.6 

0.8 

15 

8 

R0 3 

10 

1 

1.6 

0.8 

15 

8 

Rio 

10 

1 

1.6 

0.8 

15 

8 

Rli 

10 

1 

i.e 

0.8 

15 

8 

Rl 2 

10 

1 

1.6 

0.8 

15 

8 

Rl 3 

10 

1 

1.6 

0.8 

15 

8 

R2 0 

4 

0.5 


15 

8 

CM 

CZ 

4 

0.5 

15 

8 

R2 2 

4 

0.5 

15 

8 

R2 3 

4 

0.5 

15 

8 

R3 0 

4 

0.5 

1.6 

0.8 

15 

8 

R3! 

10 

1 

1.6 

0.8 

15 

8 

R3 2 

10 

1 

1.6 

0.8 

15 

8 

6 

3 

0.4 

7 

CL 2 /R3 3 

1 

0.15 

0.6 

0.3 




Mask option 
switch number 


2 

1 



Note 1: Applied to pin ROo, ROi, RO 2 , RO 3 , Rio, Rli, RI 2 , RI 3 , R2o, R2i, R22, R23, R3o, R3i, R32 
Note- 2: Applied to pins ACL, CLx 

Note 3: Applied to pin R 22 (when standby cancel signal is input) 

A Vi = Vih3 — ViL3 (See the SM590 programming manual for details) 

Note 4: Applied to pin ACL 
Note 5: No-load condition 

Note 6: When the contents of the R latch is output to the R32 pin. 

Note 7: When the clock input to the CLi pin is output from the R32 pin. 

V dd =3V±10% 
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CMOS 4-Bit 1-Chip Microcomputer 




SM-591 


SM-591 


CMOS 4-Bit 1-Chip Microcomputer 


■ Description 

The SM-591 is a 4-bit single chip CMOS micro- 
computer with 1,016 bytes of ROM, 56X4 bits of 
RAM. 

It is best suited for use in a compact controller, a 
system subcontroller and other various application 
systems. 


■ Features 

1. CMOS process 

2. ROM capacity 1,016X8 bits 

3. RAM capacity 56X4 bits 

4. Instructions 41 

5. Subroutine nesting 4 levels 

6. Input/Output ports 15 bits (MAX.) 

Available for use as 10mA output port 10 bits 
(MAX.) by mask option 

(R0 o ~R0 3 , R1o~R1 3 , R3 lf R3 2 ) 

7. Standby mode 

8. Single power supply (2.5 ~ 5.5V) 

9. Instruction cycle 1 /us 


Package 

I/O ports 

16DIP 

11 bits 

18DIP 

13 bits 

20DIP 

15 bits 


■ Pin Connections 


r \ 


ROod 

0 

SVdd 

ROiE 


HR22 

R02E 


3R2i 

ROsE 


HR2c 

R33/CL2E 


EDru 

CLiE 


njRi2 

aclE 


URli 

gndGE 


HRlo 


^ J 



r >1 


R 0 o(T 


XU v HD 

ROiQ 


ER22 

R 2 3 |I 


HR 3 () 

ro 2 [7 


EDR2i 

R0s[5 


T3R2o 

R3.VCL2II 


HR 1:5 

CLiE 


URI2 

ACLE 


IDRli 

gndE 


To) Rio 


l J 



r ^ 


ROoE 

n 

20 ]Vi,n 

ROiE 


HR 22 

R2sE 


m R 3 o 

R02E 


niR2i 

ROiE 


ru R2» 

R33/CL2E 


Hri 3 

CLiE 


HRI2 

R 3 E 


njRSi 

aclE 


HRli 

gndDo 


TTjRlo 






Top View 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-591 


■ Block Diagram 


Parallel I/O Parallel Out/Oscillator 

* — ^ Oscillator 



Vdd 

GND 

ACL 


Symbol description 

Ace : Accumulators 

PC 

Program .counter 

ALU 

: Arithmetic logic unit 

R0 — R3 

: Register 

B 

: RAM address register 

SP 

: Stack pointer 

C 

: Carry F/F 

SR 

: Stack register 

CG 

: Clock generator 

X 

: Temporary register 


■ Pin Description 


Pin name 

I/O 

Circuit type 

Function 

R0 o ~R0 3 

I/O 

Pull down* 1 

Acc —* R0 o ~R0; f , R0 o ~R0 ;j — RAM 

R 1 o — R 1 3 

I/O 

Pull down* 1 

Acc — *R1 0 ~R1 3 , R1 0 ~R1 3 RAM 

R2 0 ~R2 3 

I/O 

Pull down/open drain* 2 

Acc «—• R2 0 ~R2 3> R2 0 ~R2 ;) — RAM 

R3 0 ~R3 3 

I/O 

Pull down* 1 

Acc — + R3 0 ~R3 3 , R3 0 ~R3 3 RAM 

ACL 

I 

Pull down 

Auto clear 

CLx, CL 2 



For system clock oscillation 

V DD , GND 



Power supply for logic circuit 


* 1 Mask option ; Open drain I/O or CMOS output selectable 

* 2 Mask option 
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CMOS 4-Bit 1-Chip Microcomputer 


SM-591 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage 

Vdd 

— 0.3 — H7.5 

V 

Input voltage 

Vi 

-0.3~V dd + 0.3 

V 

Output voltage 

Vo 

-0.3~V dd + 0.3 

V 

Source output current sum 

2 IoH 

120 

mA 

Sync output current sum 

SloL 

20 

mA 

Operating temperature 

T„„ r 

— 10 — h70 

°C 

Storage temperature 

lst£ 

— 55 — h 150 

°C 


■ Recommended Operating Conditions 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vdd 


2.5 


5.5 

V 

Command execution time 


3V±0.5V 

4 


50 


1 SYS 

5V + 0.5V 

1 


50 


■ Clock Input Signal AC Characteristics 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Clock rise time 

tr 

V DD = 2.5~5.5V 



50 

ns 

Clock fall time 

t f 

V DD = 2.5~5.£V 



50 

Clock pulse width 

t L 

V dd = 5V + 0.5V 

0.08 


6.3 

^s 

t H 

V dd =3V±0.5V 

0.45 


6.3 


Note: When external clock is input 


■ Electrical Characteristics <v DD =2.7V~5.5V,Ta=-iot:~+70°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. | 

MAX. 

Unit 

Note 

Input voltage 

V,„1 


0.7 V D d 


V D d 

V 

1 

v, L1 


0 


0.3V od 

V 

V,H2 


Vdd- 0.5 


Vdd 

V 

2 

V,L2 


0 


0.5 

V 

Vl L3 

V Dr> =5V±10% 

0.7 

1.4 

2.1 

V 

3 

A Vj 

V dd =5V±10% 

1.1 

2 

3.1 

V 

Input current 

IlIIl 

Vjn VpD 

V dd =3V±10% 

15 

70 

200 

M 

1 

V dd =5V+10% 

70 

250 

750 

^1H2 

V,n = V D d 

V dd =3V±10% 


7 

20 

M 

4 

V dd =5V±10%| 


20 

60 

Current consumption 

IA1 

1 t SYS =2^s V dd =5V±10% 


1 

3 

mA 

5 

I A2 i 

tsYS=10M 

V dd =3V±10% 


100 

200 

M 

V dd =5V±10%: 


200 

500 

^ST 

Standby mode 


1 

2 

M 
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SM-591 



Note 1: Applied to pins ROo, ROi, RO2, RO3, Rio, Rli, RI2, RI 3 , R2o, R2i, R22, R23, R3o, R3i, R32 
Note 2: Applied to pins ACL, CLi 

Note 3: Applied to pins R22 (when standby cancel signal is input) 

A Vi=Vih3— Vil3 (see the SH591 programming manual for details) 

Note 4: Applied to pin ACL 
Note 5: No-load condition 

Note 6: When the contents of the R latch is output to the R3 2 pin. 

Note 7: When the clock input to the CLi pin is output from the R32 pin. 

Vdd =3V±10% 
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Development Guide for 4-Bit 1-Chip Microcomputers (SM Series) 


Development guide for 4- Bit 1-Chip 
Microcomputers (SM Series) 


(1 ) Description 

To facilitate efficient product development us- 
ing Sharp’s SM series 4-bit, 1-chip microcompu- 
ters, we have established a general development 
procedure covering determination of specifications 
to actual delivery of the microcomputer as shown 
below. 

(2) Development Procedure 

® Determination of specifications 

Specifications for a product you intend to de- 
velop must be determined in such a way that the 


functions required of the microcomputer are clear. 
Specifications should be prepared by the user, but 
consultation on SM series microcomputers will be 
provided on request. In addition, a programming 
manual is available for each microcomputer. 

(2) Determining the microcomputer to be used 

Select a microcomputer most suitable for the pro- 
duct. After determining the model of microcompu- 
ter, we will work out a rough development sche- 
dule in consultation with the user. 

® System design 

Detailed specifications for the operation of the 
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microcomputer and its peripheral circuitry are de- 
termined of this stage. We recommend that the user 
confer with Sharp’s staff even if the user himself 
under takes program development. 

If Sharp is to carry out program development, 
the user must prepare the specifications first. Af- 
ter consultation with Sharp, the user determines 
the final specifications. The subsequent schedule 
will then be settled after consultation with the 
user. 

® Writing the program 

A flow chart is worked out and based on it, 
machine code is written. The mnemonic codes 
used for coding are covered in the programming 
manual or cross-assembler manual. After coding, 
a source file is prepared using a computer editor. 
Sharp’s microcomputer development tools, the 
SM-D-8000II or SM-D-80 system can be used for 
this purpose. A microcomputer development sys- 
tem running under the CP/M (Digital Research Inc.) 
operating system can also be used. For the prepa- 
ration of source file, refer to the respective de- 
velopment systems’ manuals (SM-D-8000II User’s 
Manual, for example). 

(D Assembler 

The object file is created from the source file us- 
ing the cross-assembler prepared for the develop- 
ment system. 

There are a number of cross-assemblers avail- 
able to meet the requirements of respective SM 
series products. Please, contact us for details. 

© Debugging and program revision 

After the object file has been created, the prog- 
ram must be debugged by operating the EVA board 
or CPU unit while using the checker to monitor 
program operation. If the program is not running 
properly, it must be revised and re-assembled until 
a satisfactory object file is prepared. A number of 
development tools are available to perform this 
task efficiently. 

® Final confirmation of program operation 

The final confirmation of the program is in- 
cluded in the debugging work described in (2) ® if 
program development was made by the user. 

If Sharp undertook program development, three 
copies of programming specifications are usually 
presented to the user for final confirmation of 
program operation one week before the ROM is 
submitted. If no problem is found in the program- 
ming specifications, a copy of programming speci- 
fications shall be sent back to us bearing a signa- 
ture of approval. 

In the event that probelms are discovered in the 
program at this time, the program will be revised 


after consultating with the user. 

® PLA (Programmable Logic Array) assignments 

If the program is developed by the user, the user 
prepares the PLA assignments diagram which 
should be submitted to Sharp about two weeks be- 
fore the date on which the ROM is scheduled to be 
submitted. The procedure for PLA assignment is 
covered in the programming manual. Pre-printed 
PLA assignment forms will be provided to the user 
on request. 

When the program is developed by Sharp, we 
will make the PLA assignments. 

® ROM submission 

If the program is developed by the user, the 
ROM must be submitted in the form of either an 
EPROM or diskettes. Along with the ROM , the 
ROM map should also be submitted to make sure 
that the correct data can be read from the ROM. 

Whoever develops the program, it is impossible 
to change the program after the ROM is submitted. 
The final confirmation of program operation must 
be extremely thorough. 

® TS (Technical Sample) 

The TS is submitted to the user in a ceramic 
package for performance evaluation as a trial mod- 
el. If no problems are found, the user shall issue a 
statement of performance approval. Note that the 
TS package is a ceramic type and differs from that 
which will be mass produced. 

© ES (Engineering Sample) 

After approval of the TS, the ES is prepared and 
submitted to the user. The ES is normally con- 
tained in a plastic package the same shape as that 
which will be mass produced. 

After evaluating the performance of the ES, the 
user shall issue performance approval, assuming 
no problems are encountered. The ES may be skip- 
ped if desired. 

© CS (Commercial Sample) 

After approval of the ES, the CS is prepared and 
submitted to the User. The CS is the mass-pro- 
duction trial model so it is made in the same shape 
and quality as that which will be mass produced. 
After evaluating the performance of the CS, the 
user shall issue performance approval, assuming 
no problems are encountered. The CS may be skip- 
ped if desired. 

@ Mass production 

After approval of the CS, mass production is in- 
itiated. If the ES and/or CS is omitted, the user 
shall advise us when to start mass production. 

(3) Development Tools 

To facilitate program development for SM 
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SM-D-8000II 


— Floppy disk 

(includes editor, cross 
assembler, etc. ) 


ROM (IK) 


RAM (64K) 


PLA Monitor 

ROM ROM 

Working 

RAM 

L 4 

1 



Keyboard Display 

Program 

RAM 

i i . 

, i 


L 

RS232C 


Terminal printer 
(Sharp writer, etc. 


series microcomputers, two kinds of development 
tools are available: one which uses the SM-D- 
8000II and one which uses the sharp MZ-80B 
computer. 

Development tools equipped with an RS232C in- 
terface running under the CP/M OS can also be 
used. 

® SM-D-8000II system 

This emulator consists of the keyboard, display 
LED, PROM writer, and interfaces. Although it is 
possible for the SME-20 to debug the program by 
connecting the CPU unit or EVA board, more effi- 
cient debugging can be achieved by transferring 
the object file through the SM-D-8000II and 
RS232C interface. 

For details, see th£ SM software package manual 
and instruction manuals of the SM series, SM- 
D-8000II and SME-20. 

The SME-20 can be connected not only to the 
SM-D-8000II, but to any development device 
equipment with an RS232C interface. 

(2) SM-D-80 system 

The SM series development system can be confi- 
gured by connecting the debugger unit and SM ev- 
alution board to the basic FDOS system (MZ-80B, 
floppydisk, printer) of the commercial personal 
computer MZ-80B. Various utility programs such 
as a cross-assembler, debugger and editor which 
operate under the control of the FDOS are pro- 
vided as standard equipment to facilitate efficient 
program debugging. 


PTP/PTR 


SM- series 
evaluation board 
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8-Bit 1-Chip Microcomputers 



Z8-01 Microcomputer Unit 


LH0801 


LH0801 


Z8-0 1 Microcomputer Unit 


■ Description 

Compared to earlier single-chip microcomputers, 
the Z8 offers faster execution ; more efficient use of 
memory, more sophisticated interrupt, input/out- 
put and bit-manipulation capabilities ; and easier 
system expansion. 

Under program control, the Z8 can be tailored to 
the needs of its user. It can be configured as a 
stand-alone microcomputer with 2K bytes of inter- 
nal ROM, a traditional microprocessor that man- 
ages up tol24K bytes of external memory, or a par- 
allel-processing element in a system with other 
processors and peripheral controllers linked by the 
Z-BUS. In all configurations, a large number of 
pins remain available for I/O. 


■ Features 

1. Complete single-chip microcomputer with in- 
ternal ROM, RAM and I/O 

•RAM 124 bytes 

• ROM 2K bytes 

• I/O 32 lines 

2. On-chip two programmable 8-bit counter/tim- 
ers, each with a 6-bit programmble prescaler 

3. Full-duplex UART 

4. 144-byte register file 

5. Register pointer so that short, fast instructions 
can access any working register groups 

6. Vectored, priority interrupts for I/O, counter/ 
timers, and UART 

7. Up to 62K bytes addressable external space 
each for program and data memory 

8. On-chip oscillator 

9. High speed instruction execution 

• Working register operating time : 1.5 /us 

• Average instruction execution time : 2.2 jut s 

• Maximum instruction execution time : 5.0 jus 

10. Low-power standby option which retains con- 
tents of general-purpose registers 

11. Single + 5V power supply 

12. All pins are TTL compatible 


■ Pin Connections 


VccGE 

r 

O 

5o|P36 

XTAL2 [T 

HP3i 

XTAL1 [7 


38)P2 7 

P37 d 


37) P2 6 

P3o U 


36|P25 

RESET [£ 


D P2< 

R/W 11 


34 ) P2 3 

DS E 


lP2 2 

AS U 


m P2i 

P3s 11 


!P2o 

GND E 


lP3s 

P3 2 E 


H P3, 

po 0 E 


Dpi? 

po, E 


Ipu 

po 2 E 


m pis 

po 3 E 


Dpi, 

po, E 


E PI:. 

PO 5 E 


11pi 2 

po 6 E 


Dpi, 

*0 

0 

111 


lPlo 


V J 

Top View 
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LH0801 


■ Block Diagram 



16 


Address Strobe 

















Z8-01 Microcomputer Unit LH0801 


■ Pin Descri| 

ption 



Pin | 

Meaning 

I/O 

Function 

0 

o 

1 

o 

<1 

Port 0 

I/O 

8 -bit I/O port, programmable for I/O. 

Plo~Pl 7 

Port 1 

I/O 

Programmable for I/O in btyes. 

P2 0 ~P2 7 

Port 2 

I/O 

Programmable for I/O in bits. 

P3 0 ~P3 7 

Port 3 

I/O 

P3 0 -P3 3 for input, P3 4 -P3 7 for output. 

AS 

Address Strobe 

0 

Active “Low”, activated for external address memory 
transfer. 

DS 

Data Strobe 

0 

Active “Low”, activated for external data memory 
transfer. 

R/W 

Read/Write 

0 

Read at “High”, Write at “Low”. 

RESET 

Reset 

I 

Active “Low”. Initializes. 

XTAL1 

Clock 1 

I 

Clock terminal pin. 

XTAL2 

Clock 2 

0 

Clock terminal pin. 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Input voltage 

v IN 

— 0.3 — VI 

V 

Output voltage 

VoiJT 

— 0.3 — VI 

V 

Operating temperature 

T„p r 

0 — b70 

°C 

Storage temperature 

T s te 

— 65- + 150 

°c 


■ DC Characteristics (Vc C =5V±5%,Ta=0~+70 o C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Clock input high voltage 

VcH 

Driven by external clock 
oscillator 

3.8 


Vcc 

V 


Clock input low voltage 

V C L 

Driven by external clock 
oscillator 

-0.3 


0.8 

V 


Input high voltage 

V,H 


2.0 


Vcc 

V 


Input low voltage 

V,L 


-0.3 


0.8 

V 


Reset input high voltage 

Vrh 


3.8 


Vcc 

V 


Reset input low voltage 

Vrl 


-0.3 


0.8 

V 


Output high voltage 

Voh 

Ion = 250 /*• A 

2.4 



V 

1 

Output low voltage 

v OL 

Iql = 2.0mA 



0.4 

, V 

1 

Input leakage current 

I.L 

0V^V IN ^-f 5.25V 

-10 


10 

M 


Output leakage current 

IoL 

0V^V in ^ + 5.25V 

-10 


10 

M 


Reset input current 

IlR 

V cc = 5.25V, V rl =0V 



-50 

M 


Supply current 

Icc 




180 

mA 


Supply current 

Imm 




10 

mA 



Note 1: Ioh= — 100 jx A and I 0 l= 1.0mA as to Ao-An, MDS, SYNC, SCLK and IACK in LH0802. 
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■ External I/O or Memory Read/Write (v cc = 5 V± 5 %,Ta=o~+ 70 °C) 


Symbol 

Parameter 

Conditions 

MIN. 

MAX. 

Unit 

Note 

TdA (AS) 

Address valid to AS t delay 

Test load 1 

50 


ns 

2 

TdAS (A) 

AS t to address float delay 

Test load 1 

70 


ns 

2 

TdAS (DI) 

AS t to input data required 
valid delay 

Test load 1 


360 

ns 

4 

TwAS 

AS T low width 

Test load 1 

80 


ns 

2 

TdA (DS) 

Address float to DS i delay 

Test load 1 

0 


ns 


TwDS 

DS low width 

Read 

Test load 1 

250 


ns 

3 

Write 

Test load 1 

160 



3 

TdDS (DI) 

DS i to input data required valid 

Test load 1 


200 

ns 

4 

ThDS (DI) 

Input data hold time 


0 


ns 


TdDS (A) 

DS t to address active delay 

Test load 1 

80 


ns 

2 

TdDS (AS) 

DS t to AS i delay 

Test load 1 

70 


ns 

2 

TdR (AS) 

Read valid to AS t delay 

Test load 1 

50 


ns 

2 

TdDS (R) 

DS t to read not valid 

Test load 1 

60 


ns 

2 

TdDO (DS) 

Output data valid to DS 1 delay 

Test load 1 

50 


ns 

2 

TdDS (DO) 

DS t to output data not valid delay 

Test load 1 

80 


ns 

2 

TdW (AS) 

Write valid to AS t delay 

Test load 1 

50 


ns 

2 

TdDS (W) 

DS to write not valid delay 

'Pest load 1 

60 


ns 

2 


Note 1: All timing references use 2.0 V for a logic “1” and 0.8 V for a logic “0”. 

Note 2: Delay times are for an input clock frequency of 8 MHz. If below this frequency, add the incremental clock period to the standard 
delay time. 

Note 3: DS lower width is for an input clock frequency of 8 MHz. If below this frequency, add 3 increments of clock period to the 
standard. The width varies with execution command. 

Note 4: These delay times show system memory access time with an 8-MHz QC unit. If below this frequency, add 4 increments of clock 
period for TdAS (DI) or 3 increments of clock period for TdDS (DI). 
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■ Additional Timing Table (v cc =5V+5%,Ta=6~+70t:)i 


Symbol 

Parameter 

Conditions 

MIN. 

MAX. 

Unit 

Note 

TpC 

Input clock period 


125 

1,000 

ns 


TrC, TfC 

Clock input rise and fall times 

Driven by external 
clock oscillator 


25 

ns 


TwC 

Input clock width 

Driven by external 
clock oscillator 

37 


ns 


TdSC (AS) 

System clock input to AS delay 




ns 

5 

TdSY (DS) 

Command sync output to DS delay 


200 


ns 

5, 6 

TwSY 

Command sync output pulse width 


160 


ns 

5, 6 


Note : All timing references use 2.0 V for a logic “1” and 0.8 V for a logic “0”. 

Note 5: Test load 1 is used when SCLK and SYNC are outputt via port 3, and test load 2 when SCLK and SYNC are direct-output with 
64-pin version. 

Note 6: With an 8 MHz QC unit. If below this frequency, add 2 increments of clock period. 



■ Handshake Timing (v cc =5V±5%,Ta=o~+70t:) 


Symbol 

Parameter 

Conditions 

MIN. 

MAX. 

Unit 

Note 

TsDI (DA) 

Data in setup time 


0 


ns 


ThDA (DI) 

Data in hold time 


230 


ns 


TwDA 

Data available width 

Input handshake 

Test load 1 

175 


ns 


TdDAL (RY) 

DAV 1 to RDY 1 delay 

Input handshake 

Test load 1 

20 

175 

ns 


Output handshake 
Test load 1 

0 


ns 


TdDAH (RY) 

DAV t to RDY t delay 

Input handshake 

Test load 1 


150 

ns 


Output handshake 
Test load 1 

0 


ns 


TdDO (DA) 

Data out to DAV 1 delay 

Test load 1 

50 


ns 


TdRY (DA) 

RDY to DAV t delay 

Test load 1 

0 

205 

ns 
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DATA IN 


DAV 

(input) 


RDY 

(output) 


DATA OUT 

DAY 


RDY 
( input ) 


X 


Data in valid 


TsDI(DA)- 


TdDAL(RY)- 


-ThDA (DI)- 


TwDA 






* 

i 

TdDAH (RYH 
i 

i 

4 


/ 


Port read 


Input handshake 



^ Data out valid 


|-TdDCXDAH 

Port write r 

V i _ 7t 


=1 



-TdDAL (RY )-»- 


-v 


Output handshake 


TdDAH (RYH * 
TdRY(DA) f 
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■ Architecture 

(1) Address Spaces 

(i) Program Memory The 16-bit program 
counter addresses 64K bytes of program memory 
space. Program memory can be located in two areas 
: one internal and the other external (Fig. 1). The 
first 2048 bytes consist of on-chip mask-prog- 
rammed ROM. At addresses 2048 and greater, the 
Z8 executes external program memory fetches. 

The first 12 bytes of program memory are re- 
served for the interrupt vectors. These locations 
contain six 16-bit vectors that correspond to the 
six available interrupts. 

(ii) Data Memory The Z8 can address 62K 
bytes of external data memory beginning at loca- 
tion 2048 (Fig. 2). External data memory may be 
include with or separated from the external prog- 
ram memory space. DM, an optical I/O function 
that can be programmed to appear on pin P3 4 , is 
used to distinguish between data and program 
memory space. 

(iii) Register File The 144-byte register 
file includes four I/O port registers (R0-R3), 124 
general-purpose registers (R4-R127) and 16 con- 
trol and status registers (R240-R255). These reg- 
isters are assigned the address locations shown in 
Fig. 3. 



F\g. 1 Program memory map 


Z8 instructions can access registers directly or 
indirectly with an 8-bit address field. The Z8 also 
allows short 4-bit register addressing using the 
Register Pointer (one of the control registers). In 
the 4 -bit mode, the register file is divided into nine 
working-register groups, each occupying 16 con- 
tiguous locations. The Register Pointer addresses 
the starting location of the active working-register 
group. 

(iv) Stacks Either the internal register file 
or the external data memory can be used for the 
stack. A 16-bit Stack Pointer (R254 and R255) is 
used for the external stack, which can reside any- 
where in data memory between locations 2048 and 
65535. An 8-bit Stack Pointer (R255) is used for 
the internal stack that resides within the 124 
general-purpose registers (R4-R127). 



Fig. 2 Data memory map 
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■ 


LOCATION 


IDENTIFIERS 

255 

STACK POINTER(BITS 7 0) 

SPL 

254 

STACK POINTER(BITS 15-8) 

SPH 

253 

REGISTER POINTER 

RP 

252 

PROGRAM CONTROL FLAGS 

FLAGS 

251 

INTERRUPT MASK REGISTER 

IMR 

250 

INTERRUPT REQUEST REGISTER 

IRQ 

249 

INTERRUPT PRIORITY REGISTER 

IPR 

248 

PORTS 01 MODE 

P01M 

247 

PORT 3 MODE 

P3M 

246 

PORT 2 MODE 

P2M 

245 

TO PRESCALER 

PRE0 

244 

TIMER/COUNTER 0 

TO 

243 

T1 PRESCALER 

PRE1 

242 

TIMER/COUNTER 1 

T1 

241 

TIMER MODE 

TMR 

240 

SERIAL I/O 

SIO 


NOT 

IMPLEMENTED 


127 



4 

GENERAL-PURPOSE 

REGISTERS 


3 

PORT 3 

P3 

2 

PORT 2 

P2 

1 

PORT 1 

PI 

,0 

PORT 0 

P0 


Fig. 3 The register file 




i 

r? r 6 r 5 r 4 


0 0 0 0 


255 

253 

240 



The upper nibble of the register file address 
provided by the register pointer specifies the 
active working -register group. 



J 

l 

4 


I 

A 

j 

[ 

-! 


SPECIFIED WORKING- 
REGISTER GROUP ^ 


I/O Ports 
Register file 


127 


The lower nibble 
of the register 
file address 
-provided by the 
instruction 
points to the 
specified 
register 


15 

3 

0 


Fig. 4 The register pointer 


(2) I/O ports 

The Z8 has 32 lines dedicated to input and out- 
put. These lines are grouped into four ports of 
eight lines each and are configurable as input, out- 
put or address/data. Under software control, the 
ports can be programmed to provide address out- 
puts, timing, status signals, serial I/O, and parallel 
I/O with or without handshake. All ports have ac- 
tive, pull-ups and pull-downs compatible with TTL 
loads. 

(i) Port 1 can be programmed as a byte I/O 
port or an address/data port for interfacing exter- 
nal memory. 

Memory locations greater than 2048 are refer- 
enced through Port 1. To interface external mem- 
ory, Port 1 must be programmed for the multi- 
plexed Adress/Data mode. If more than 256 exter- 
nal locations are required, Port 0 must output the 
additional lines. 

(ii) Port 0 can be programmed as a nibble I/O 
port, or as an address port for interfacing external 
memory. 

For external memory references, Port 0 can pro- 


vide address bits A 8 An (lower nibble) or A 8 -A 15 
(lower and upper nibble) depending on the required 
address space. 

(iii) Port 2 bits can be programmed independent- 
ly as input or output. The port is always available 
for I/O operations. In addition, Port 2 can be confi- 
gured to provide open-drain outputs. 

(iv) Port 3 lines can be configured as I/O or 
control lines. In either case, the direction of the 
eight lines is fixed as four input (P3 0 -P33) and four 
output (P3 4 -P3 7 ). For serial I/O, lines P3 0 and P3 7 
are programmed as serial in and serial out respec- 
tively. 

• handshake for Ports 0, 1 and 2 (DAV and 
RDY) 

• four external interrupt request signals 

(IRQ0-IRQ3) 

• timer input and output signals (T IN and T 0U t) 

• Data Memory Select (DM). 

(3) Serial Input/Output 

Port 3 lines P3o and P3 7 can be programmed as 
serial I/O lines for full-duplex serial asynchronous 
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Transmitted Data (No Parity) 


D3|d 2 1di|Dq|st| 


SP 


SP D 7 Dfi Ds D. 


Transmitted Data (With Parity) 

spjsp| p|D61d 5 |d41d 3 1d21di|dJst| 


START BIT 
EIGHT DATA BITS 
TWO STOP BITS 


START BIT 
SEVEN DATA BITS 
ODD PARITY 
TWO STOP BITS 


Received Data (No Parity) 


|sp|d 7 |d 8 |d 3 |d 4 

D 3 |D 2 |Dj |D 0 |ST | 


1 — 


START BIT 
EIGHT DATA BITS 
ONE STOP BIT 


Received Data (With Parity) 
|SP|P|D 6 lD 5 |D 4 lD 3 |D 2 lD 1 |D 0 |sf] 

I START BIT 

SEVEN DATA BITS 

PARITY ERROR FLAG 

ONE STOP BIT 


Fig. 5 Serial data formats 


receiver/transmitter operation. The bit rate is con- 
trolled by Counter /Timer 0, with a maximum rate 
of 62.5K bits/second. 

The Z8 automatically adds a start bit and two 
stop bits to transmitted data (Fig. 5). Odd parity is 
also available as an option. 

(4) Counter/Timer 

The Z8 contains two 8-bit programmable coun- 
ter/timers (Tq and Ti), each driven by its own 6-bit 
programmable prescaler. The Ti prescaler can be 
driven by internal or external clock sources; 
however, the T 0 prescaler is driven by the internal 
clock only. 

The counters can be started, stopped, restarted 
to continue, or restarted from the initial value. The 
counters can also be programmed to stop upon 
reaching zero (single-pass mode) or to automatically 
reload the initial value and continue counting (mod- 
ulo-n continuos mode). The counters, but not the 
prescalers, can be read any time without disturbing 
their value or count mode. 

(5) Interrupts 

The Z8 allows six different interrupts from eight 
sources: the four Port 3 lines P3 0 -P3 3 , Serial In, 
Serial Out, and the two counter/timers. These in- 
terrupts are both maskable and prioritized. 

All Z8 interrupts are vectored. Polled interrupt 
systems are also supported. 


174 


SHARP 






Z8-01 Microcomputer Unit 


LH0801 


■ Instruction Set Notation 

(1) Addressing modes 

The following notation is used to describe the 
addressing modes and instruction operations as 
shown in the instruction summary. 

IRR Indirect register pair or indirect 

working-register pair address 
Irr Indirect working-register pair only 

X Indexed address 

DA Direct address 

RA Relative address 

IM Immediate 

R Register or working-register address 

r Working-register address only 

IR Indirect-register or indirect working-re- 

gister address 

Ir Indirect working-register address only 

RR Register pair or working register pair 

address 

(2) Symbols 

The following symbols are used in describing the 
instruction set. 

dst Destination location or contents 

src Source location or contents 

cc Condition code (see list) 

@ Indirect address prefix 

SP Stack pointer (control registers 254-255) 

PC Program counter 


FLAGS Flag register (control register 252) 

RP Register pointer (control register 253) 

IMR Interrupt mask register (control register 

251) 

Assignment of a value is indicated by the symbol 
For example. 

dst dst + src 

indicates that the source data is added to the des- 
tination data and the result is stored in the destina- 
tion location. The notation “addr (n)” is used to re- 
fer to bit “n” of a given location. For example, 
dst (7) refers to bit 7 of the destination operand. 

(3) Flags. 

Control Register R252 contains the following six 
flags : 

C Carry flag 

Z Zero flag 

S Sign flag 

V Overflow flag 

D Decimal-adjust flag 

H Half-carry flag 

Affected flags are indicated by : 

0 Cleared to zero 

1 Set to one 

* Set or cleared according to operation 

— Unaffected 

X Undefined 

(4) Condition codes 

See Table 1. 


Table 1 Condition codes 


Value 

Mnemonic 

Meaning 

Flags set 

1000 


Always true 


0111 

C 

Carry 

C= 1 

1111 

NC 

No carry 

C=0 

0110 

Z 

Zero 

Z= 1 

1110 

NZ 

Not Zero 

z=o 

1101 

PL 

Plus 

s=o 

0101 

MI 

Minus 

S=1 

0100 

OV 

Overflow 

V = 1 

1100 

NOV 

No overflow 

v=o 

0110 

EQ 

Equal 

Z= 1 

1110 

NE 

Not equal 

z=o 

1001 

GE 

Greater than or equal 

(S XOR V) =0 

0001 

LT 

Less than 

(S XOR V) = 1 

1010 

GT 

Greater than 

[Z OR (S XOR V)] =0 

0010 

LE 

Less than or equal 

[Z OR (S XOR V)) = 1 

mi 

UGE 

Unsigned greater than or equal 

C = 0 

0111 

ULT 

Unsigned less than 

C=1 

1011 

UGT 

Unsigned greater than 

(C = 0 AND Z=0) = 1 

0011 

0000 

ULE 

Unsigned less than or equal 

Never true 

(C OR Z) = 1 


SHARP 


175 






Z8-01 Microcomputer Unit 


LH0801 


(5) Opcode map 


Q> 

I 


Q. 

a 

=> 


Lower Nibble (Hex) 



0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

A 

B 

C 

D 

E 

F 

0 

6.5 

DEC 

Ri 

6.5 

DEC 

IR, 

6.5 

ADD 

r , , r 2 

6.5 

ADD 

r,, Ir 2 

10.5 

ADD 

r 2 , r, 

10.5 

ADD 

IR 2 , R, 

10.5 

ADD 

R,, IM 

10.5 

ADD 

IR,, IM 

6.5 

LD 

r,, R 2 

6.5 

LD 

r 2 , R, 

12/10.5 

DJNZ 

n, RA 

12/10.0 

JR 

cc, RA 

6.5 

LD 

r,, IM 

12/10.0 

JP 

cc, DA 

6.5 

INC 

r, 


1 

6.5 

RLC 

Ri 

6.5 

RLC 

IR, 

6.5 

ADC 

r , , r 2 

6.5 

ADC 

r, f Ir 2 

10.5 

ADC 

r 2 , r, 

10.5 

ADC 

IR 2 , R, 

10.5 

ADC 

R,, IM 

10.5 

ADC 

IR, , IM 
















2 

6.5 

INC 

Ri 

6.5 

INC 

IR, 

6.5 

SUB 

r,, r 2 

6.5 

SUB 

r,, Ir 2 

10.5 

SUB 

R 2 . Ri 

10.5 

SUB 

IR 2 , R, 

10.5 

SUB 

R, , IM 

10.5 

SUB 

IR,, IM 
















3 

8.0 

JP 

1 RRi 

6.1 

SRP 

IM 

6.5 

SBC 

r,, r 2 

6.5 

SBC 

r,, Ir 2 

10.5 

SBC 

r 2 , r, 

10^5 

SBC 

ir 2 , r, 

10.5 

SBC 

R,. IM 

10.5 

SBC 

IR,, IM 
















4 

8.5 

DA 

R 1 

8.5 

DA 

IR, 

6.5 

OR 

r,, r 2 

6.5 

OR 

r,, Ir 2 

10.5 
OR 
r 2 , r. 

10.5 

OR 

IR 2 , R, 

10.5 

OR 

R,, IM 

10.5 

OR 

IR,, IM 
















5 

10.5 

POP 

R. 

10.5 

POP 

IR, 

6.5 

AND 

r,, r 2 

6.5 

AND 

ri, Ir 2 

10.5 

AND 

R 2 , Ri 

10.5 

AND 

IR 2 , R, 

10.5 

AND 

Ri, IM 

10.5 

AND 

IR,, IM 
















6 

6.5 

COM 

Ri 

6.5 

COM 

IR, 

6.5 

TCM 

r,, r 2 

6.5 

TCM 

r,, Ir 2 

10.5 

TCM 

R 2 , R, 

10.5 

TCM 

IR 2 , R, 

10.5 

TCM 

R,, IM 

10.5 

TCM 

IR,, IM 
















7 

10/12.1 

PUSH 

H» 

12/14.1 

PUSH 

IRz 

6.5 

TM 

r , » r 2 

6.5 

TM 

r,, Ir 2 

10.5 

TM 

r 2 , r, 

10.5 

TM 

ir 2 , r. 

10.5 

TM 

R,, IM 

10.5 

TM 

IR,, IM 
















8 

10.5 

DECW 

RR, 

10.5 

DECW 

IR, 

12.0 

LDE 

r,, Irr 2 

18.0 

LDEI 

Ir„ Ir r 2 




















9 

6.5 

RL 

Ri 

6.5 

RL 

IR, 

12.0 

LDE 

*■2, Irr, 

18.0 

LDEI 

Ir 2. Irr, 



















H 

A 

10.5 

INCW 

RR, 

10.5 

INCW 

IR, 

6.5 

CP 

n, r 2 

6.5 

CP 

r,, Ir 2 

10.5 

CP 

r 2 , r, 

10.5 

CP 

ir 2 , r. 

10.5 

CP 

R,, IM 

10.5 

CP 

IR,, IM 















mm 

B 

6.5 

CLR 

R, 

6.5 

CLR 

IR, 

6.5 

XOR 

r,, r 2 

6.5 

XQR 

r,, Ir 2 

10.5 

XOR 

r 2 , r, 

10.5 

XOR 

IR 2 , R, 

10.5 

XOR 

R,, IM 

10.5 

XOR 

IR,, IM 















16.0 

IRET 

C 

6.5 

RRC 

R, 

6.5 

RRC 

IR, 

12.0 

LDC 

r,, I rr 2 

18.0 

LDCI 

Ir Irr 2 




10.5 

LD 

r ,. x, R 2 
















D 

6.5 

SRA 

R, 

6.5 

SRA 

IR, 

12.0 

LDC 

r 2 , Irr, 

18.0 

LDCI 

Ir 2. Irr, 

20.0 

CALL* 

IRR, 


20.0 

CALL 

DA 

10.5 

LD 

r>, x, R, 











| 

1 




| 

E 

6.5 

RR 

R, 

6.5 

RR 

IR, 


6.5 

LD 

r,, Ir 2 

10.5 

LD 

R 2 , R, 

10.5 

LD 

IR 2 , R, 

10.5 

LD 

R,, IM 

10.5 

LD 

IR,, IM 
















F 

8.5 

SWAP 

R, 

8.5 

SWAP 

IR, 
















J 







Bytes per Instruction 

Lower Opcode 
N ibble 


Execution 

Cycles 


Upper Opcode 
Nibble 


Pipeline Cycles 


— 7 

10.5 

CP< 


r 2 , r 7 | 

t— UJ 



Mnemonic 


First Operand 


S econd Operand 


2 3 1 

Legend: 

R = 8-Bit Address 
r = 4 Bit Address 
Ri or ri =Dst Address 
R 2 or r 2 = Src Address 
Sequence: 

Opcode, First Operand, Second Operand 
Note: The blank areas are not defined. 
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(6) Instruction Summary 


Instruction 

Addr Mode 

Opcode Byte 

Flags Affected 

and Operation 

dst src 

(Hex) 

C Z S V D H 

ADC dst,src (Note 1 ) 

ID 

* * * * 0 * 

dst<-dst + src + C 



ADD dst,src (Note 1 ) 

on 

* * * * 0 * 

dst«-dst + src 



ANDdst,src (Note 1 ) 

5D 

- * * o - - 

dst<-dst AND src 



CALL dst 

DA 

D6 


SP^-SP- 

2 IRR 

D4 


@SP<— PC;PC<— dst 



CCF 


E F 

* 

C<— NOT C 



CLR dst 

R 

BO 


dst<- 0 

IR 

B 1 


COM dst 

R 

60 

- * * o - - 

dst <— NOT dst IR 

61 


CP dst, src 

(Note 1 ) 

AD 

* * * * — 

dst<— src 




DA dst 

R 

40 

* * * x - - 

dst<— DA dst IR 

41 


DEC dst 

R 

00 

- * * * - - 

dst<— dst — 

1 IR 

01 


DECW dst 

RR 

80 

-***-- 

dst<— dst — 

1 IR 

81 


Dl 


8F 


IMR(7)<— 0 




DJNZ r,dst RA 

rA 


r<— r— 1 


*-i 

11 

o 

1 


if r 0 PC<— PC + dst 



Range: +127,-128 



El 


9F 


IMR(7) 

1 



INC dst 

r 

rE 

- * * * - - 

dst<— dst + 1 

n 

II 

o 

1 

+ J 



R 

20 



IR 

21 


INCW dst 

RR 

A0 

- * * * - - 

dst< — dst + 1 IR 

A1 


IRET 


B F 

****** 

FLAGS<— 

@SP; SP^SP + l 



PC<— @ SP;SP<— SP + 2;IMR(7)<— 1 



JP cc,dst 

DA 

cD 


if cc is true 

n 

II 

o 

1 


PC<— dst 

IRR 

30 


JR cc,dst 

RA 

cB 


if cc is true, 

0 

II 

o 

1 

V 


PC<— PC + dst 



Range: +127,-128 



LD dst, src 

r IM 

rC 


dst<— src 

r R 

r8 



R r 

r9 




r = 0 — F 



r X 

C7 



X r 

D7 



r Ir 

E3 



Ir r 

F3 



R R 

E4 



R IR 

E5 



R IM 

E6 



IR IM 

E7 



IR R 

F 5 


LDC dst, src r Irr 

C 2 


dst<— src 

Irr r 

D2 


LDCI dst, src Ir Irr 

C3 


dst<— src 

Irr Ir 

D3 


r<-r + l;rr 

<-rr + l 



LDE dst, src r Irr 

82 


dst<— src 

Irr r 

92 



Instruction 

and Operation 

Addr Mode 

Opcode Byte 
(Hex) 

Flags Affected 

dst src 

C Z S V D H 

LDEI dst, src Ir Irr 

dst<— src Irr Ii* 

r<— r+l;rr<-rr + l 

83 

93 


NOP 

FF 


OR dst, src (Note 1 ) 

dst <— dst OR src 

4D 

- * * o - - 

POP dst R 

dst«-@SP IR 

SP^SP+ 1 

50 

51 


PUSH src R 

SP<— SP — l;@SP<-src IR 

70 

71 


RCF 

C^O 

CF 

0 

RET 

PC @SP;SP<— SP + 2 

AF 


RLdst “ 

90 

91 

****-- 

RLC dst I I R 

42 OH. ^ o Hir 

10 

11 

* * * * - - 

RR dst i i | R 

HU M 7 o 1-1 IR 

E0 

El 

****-- 

RRC dst | | R 

42H 7 o M ir 

CO 

Cl 

* * * * — 

SBC dst, src (Note 1 ) 

dst<— dst— src — C 

3D 

* * * * 1 * 

SCF 

C— 1 

D F 

1 

SRAdst kcji-rjTo]-! f R 

DO 

Dl 

* * * o - - 

SRP src IM 

RP<-src 

31 


SUB dst, src (Note 1 ) 

dst <— dst — src 

2D 

* * * * 1 * 

SWAP dst .} -t— h R 

If IR 

F0 

FI 

X* * X - - 

TCMdst,src (Notel) 

(NOT dst) AND src 

6D 

- * * o - - 

TM dst, src (N ote 1 ) 

dst AND src 

~7D 

- * * o - - 

XOR dst, src (Note 1 ) 

dst <— dst XOR src 

BD 

- * * o - - 


Note 1 These instructions have an identical set of addressing 
modes, which are encoded for brevity. The first opcode nibble is 
found in the instruction set table above. The second nibble is ex- 
pressed symbolically by a □ in this table, and its value is found 
in the following table to the left of the applicable addressing mode 
pair. 

For example, to determine the opcode of an ADC instruction use 
the addressing modes r (destination) and Ir (source). The result is 
13 


Addr Mode 

Lower 

Opcode Nibble 

dst 

src 

r 

r 


El 


r 

Ir 


l 


R 

R 


1 


R 

IR 




R 

IM 




IR 

IM 


m 
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■ Register 


R240 (SIO) 
Serial I/O Register 

(FOh : Read/Write) 


[d 7 

De 

d 5 

d 4 

d 3 

d 2 

Di 

Dj 


-SERIAL DATA (D 0 = LSB) 


R241 (TMR) 
Timer Mode Register 

(FIh : Read/ Write) 


R244 (TO) 

Counter/Timer 0 Register 

(F4h : Read/Write) 


-To INITIAL VALUE 
(WHEN WRITTEN) 
(RANGE : 1-256 DECIMAL 
01-00 HEX) 
To CURRENT VALUE 
(WHEN READ) 


R245 (PREO) 
Prescaler 0 Register 

(F5h : Write Only) 


d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

D, 

D 0 


Tout MODES | 

NOT USED = 00 
To OUT = 01 
Ti OUT = 10 
INTERNAL CLOCK OUT = 11 


1 0=NO FUNCTION 

l=LOAD To 

0=DISABLE To COUNT 
1=ENABLE To COUNT 


d 7 

d 6 

Ds 

D4 

d 3 

d 2 

Di 

Do 


COUNT MODE 
' — 0 = To SINGLE-PASS 
1 = To MODULO -N 
RESERVED 


T in MODES 

EXTERNAL = 00 
CLOCK INPUT 
GATE INPUT = 01 
TRIGGER INPUT = 10 
(NON-RETRIGGERABLE) 
TRIGGER INPUT = 11 
(RETRIGGERABLE) 


*— 0=NO FUNCTION 
l=LOAD Ti 

— 0=DISABLE Ti COUNT 
1=ENABLE Ti COUNT 


R242 (TI) 

Counter Timer 1 Register 


1 PRESCALER MODULO 

(RANGE : 1-64 DECIMAL 
01-00 HEX) 


R246 (P2M) 

Port 2 Mode Register 

(F6h : Write Only) 


(F2h : Read/Write) 


d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

Di 

Do 


1 Ti INITIAL VALUE 
(WHEN WRITTEN) 

(RANGE 1-256 DECIMAL 01-00 HEX) 
Ti CURRENT VALUE 
(WHEN READ) 


d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

Di 

D 0 


— P2 0 -P 2 7 I/O DEFINITION 

0 DEFINES BIT AS OUTPUT 

1 DEFINES BIT AS INPUT 


R247 (P3M) 


R243 (PRE1) 
Prescaler 1 Register 


Port 3 Mode Register 

(F7h : Write Only) 


(F3h : Write Only) 


d 7 

El 

d 5 

d 4 

d 3 

d 2 

Di 

Do 


COUNT MODE 

0 = Ti SINGLE-PASS 

1 = Ti MODULO N 

CLOCK SOURCE 
1 = Ti INTERNAL 
0 = Ti EXTERNAL TIMING INPUT 
(Tin) MODE 

PRESCALER MODULO 

(RANGE : 1-64 DECIMAL 
01-00 HEX) 


i Do 


D 2 D 


I L 0 PORT 2 PULL -UPS OPEN DRAIN 

1 PORT 2 PULL-UPS ACTIVE 
I — RESERVED 

0 P3 2 = INPUT P 3s = OUTPUT 

1 P3 2 = DAV0/RDY0 P3s = RDY0/DAV0 

00 P3s = INPUT P3 4 =OUTPUT 

! — 10 }p3s = INPUT P3 4 = DM 

11 P3 3 = DAV1/RDY1 P3i = RDY1/DAV1 

1 0 P3i = INPUT (Tin) P3e = OUTPUT (Tout) 

1 P3i =DAV2/RDY2 P3s= RDY2/DAV2 
1 — OP3o=INPUT P37= OUTPUT 

1 P3o = SERIAL IN P3 7 = SERIAL OUT 

0 PARITY OFF 

1 PARITY ON 
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R248 (P01M) 

Port 0 and 1 Mode Register 

(F8h : Write Only) 


R252 (FLAGS) 
Flag Register 

(FCh : Read/Write) 


D 7 d 6 D 5 d 4 d 3 D 2 d, D 


P0 4 ~P0 7 MODE 
OUTPUT = 00 
INPUT =01 
Al2~Al5 = IX 
EXTERNAL MEMORY 
TIMING 
NORMAL =0 
EXTENDED =1 


T”poo~ 
I 00 = ( 


P0 3 MODE 
OUTPUT 
01 =INPUT 
IX = A 8 ~Ah 

■STACK SELECTION 

0 = EXTERNAL 

1 = INTERNAL 
■PI 0 -PI 7 MODE 

00 = BYTE OUTPUT 

01 = BYTE INPUT 

10 = ad 0 -ad 7 

11 = HIGfLIMPEDANCE AD 0 -AD 7 

AS,DS, R/W,A 8 -An,Ai 2 -Ai 5 

IF SELECTED 


R249 (IPR) 

Interrupt Priority Register 

(F9h : Write Only) 


d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

Di 

Do 


USER FLAG FI 
HJSER FLAG F 2 
Lhalf CARRY FLAG 
DECIMAL ADJUST FLAG 
— OVERFLOW FLAG 

SIGN FLAG 

ZERO FLAG 

CARRY FLAG 


R253 (RP) 
Register Pointer 

(FDh : Read/Write) 



Di 


RESERVED^ | 

IRQ3,IRQ5 PRIORITY (GROUP A) 

0 = IRQ5>IRQ3 

1 = IRQ3>IRQ5 

IRQ0, IRQ2 PRIORITY (GROUP BH 
0=IRQ2>IRQ0 
1 =IRQ0>IRQ2 

IRQ1,IRQ4 PRIORITY (GROUP C )- 1 

0 = IRQ1>IRQ4 

1 = IRQ4>IRQ 1 


INTERRUPT GROUP 
PRIORITY 

RESERVED = 000 

C > A > B = 001 
A > B > C-010 
A > C > B = Oil 
B > C > A = 100 
C > B > A = 101 
B > A > C = 110 
RESERVED = 111 


d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

Di 

Do 


7 J 


r 4 - 


u 


-DON’T CARE 
— DON’T CARE 
-DON’T CARE 


-DON’T CARE 


REGISTER POINTER 


R250 (IRQ) 

Interrupt Request Register 

(FAh : Read/Write) 


R254 (SPH) 
Stack Pointer 

(FEh : Read/Write) 


d 7 

Do D 5 D 4 D 3 D 

2 Di Do 


— RI 

— I 

£SE 

-I] 

RQ 

RV 

L-ir 

RQ4 
5 = 1 

ED 

I l —IRQ0 = P3 2 INPUT 
>— IRQ1 = P3 3 INPUT 
— IRQ2 = P3i INPUT 

Q3 = P3 0 INPUT, SERIAL INPUT 
= To, SERIAL OUTPUT 
fi 


d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

lBi 

Do 


1 — STACK POINTER UPPER 
BYTE(SP 8 -SPi 5 ) 


R251 (IMR) 

Interrupt Mask Register 

(FBh : Read/Write) 


R255 (SPL) 
Stack Pointer 

(FFh : Read/Write) 


d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

Dj 

Do 



| 1 ENABLES IRQ0-IRQ5 

(Do = IRQ0) 


-RESERVED 


D 3 D 2 pi D, 


I — STACK POINTER LOWER 
BYTE(SPo-SP 7 ) 


1 — 1 ENABLES INTERRUPTS 
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Z8-02 Development Device 


■ Description 

The 64-pin Z8-02 is the development version of 
the Z8-01 with internal mask-programmed ROM. 
This device allows the user to build the prototype 
systems in hardware with an actual device and to 
develop the code that is eventually mask-prog- 
rammed into the on-chip ROM of the Z8-01. 

The Z8-02 is identical to the Z8-01 with the 
following exceptions : 

• The internal ROM has been removed. 

• The ROM address lines and data lines are buff- 
ered and brought out to external pins. 

• Control lines for the new memory have been 
added. 


■ Pin Connections 



( 


Vcc [T 

r\ 

U P3 6 

XTAL2 [2 

KJ 

u P3i 

XTALlg 


H P2 7 

P3 7 [T 


D P2 6 

P3o [5 


U P2 5 

RESET [F 


59] P2 4 

R/W [T 


1 P2 3 

ds or 


13 P2 2 

AS [? 


56| P2i 

P3s (TO 


H P2 0 

P3a [U 


E P3s 

Ppog2 


53] p3 4 

POi (O 


52] Pl 7 

PO 2 g4 


5g Pl 6 

POs (j| 


1 Pis 

p °4 m 


H) P1 4 

GND (17 


1 Pl 3 

POs El 


E Pia 

POe gg 


D Ph 

PO? 1 


4| Plo 

IACK d 


44] d 7 

SYNC |2 


1 De 

SCLK [23 


H Ds 

MDS (24 


S d 4 , 

Do [25 


40] Ao 

Di [26 


1 Ai 

D 2 [27 


1 A 2 

d 3 H 


33 a 3 

An (29 

; 

36] A 4 

A 10 H 


m As 

a 9 1 


34] Ae 

As d 


1 A? 



Top View 
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■ Block Diagram 



■ Pin Description 


The Z8-20 has 64 pins, 40 of which are the 
same as those on the Z8~01. The remaining 24 
pins are as follows. 


Pin 

Meaning 

I/O 

Function 

< 

l 

o 

< 

Address Bus 

0 

Address signal for internal ROM. 

Do Dy 

Data Bus 

I 

Data signal for internal ROM. 

MDS 

Data Strobe 

0 

Active “Low”. Internal ROM addresses are valid. 

IACK 

Interrupt Acknowledge 

0 

Active “High”. Detects an interrupt. 

SYNC 

Command Synchronization 

0 

Active “Low”. For synchronizing the command 
fetch cycle. 

SCLK 

System Clock 

0 

Internal system clock. 1/2 of the external clock. 
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Z8-03 Protopack Emulator 


■ Description 

The Z8-03 (LH0803) is a ROMless version of 
the standard Z8-01, housed in a pin compatible 
40-pin package. 

The Z8~03 carries a 24-pin socket for a direct 
interface to program memory. 2716 type EPROM 
can be used for program memory. 

The Z8~03 allows the user to build the pro- 
totype and pilot production units. When the final 
program is established, the user can then switch 
over to the Z8~01. 


■ Pin Connections 



r \ 


Vcc [T 

0 

40] P3 6 

XTAL2 (T 

H P3i 

XTAL1 |T 


38] P2 7 

P37 GE 


13 P2 6 

P3o |T 


36] P2 5 

RESET E 


35) P2 4 

R/W [7 


34] P2 3 

DS |T 


1 P2 2 

AS U 


m P2i 

P3s [To 


1 P2o 

GND E 


1 P3 3 

P3 2 E 


11 P3 4 

P0o 51 


H PI 7 

poi 51 


1) Pie 

po 2 EE 


m pu 

po 3 51 


U pi 4 

po 4 El 


H pi 3 

po 5 E 


H pi 2 

po 6 E 


U pii 

po 7 E 

v y 

D pio 

Top View 
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■ Block Diagram 



■ Pin Description 

The pins of the Z8-03 are compatible with those 
of the Z8-01. For the pin description, refer back 
to the Z8-01 explanation. 
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Z8-11 Microcomputer Unit 


■ Description 

Compared to earlier single-chip microcomputers, 
the Z8 offers faster execution ; more efficient use of 
memory ; more sophisticated interrupt, input/out- 
put and bit-manipulation capabilities ; and easier 
system expansion. 

Under program control, the Z8 can be tailored to 
the needs of user. It can be configured as a stand- 
alone microcomputer with 4K bytes of internal 
ROM, a traditional microprocessor that manages up 
to 120K bytes of external memory, or a parallel- 
processing element in a system with other proces- 
sors and peripheral controllers linked by the 
Z-BUS. In all configurations, a large number of 
pins remain available for I/O. 


■ Features 

1. Complete single-chip microcomputer with in- 
ternal ROM, RAM and I/O 

• RAM 124 bytes 

• ROM 4K bytes 

• I/O 32 lines 

2. On-chip two programmable 8-bit counter/tim- 
ers, each with a 6-bit programmable prescaler 

3. Full-duplex UART 

4. 144-byte register file 

5. Register pointer so that short, fast instructions 
can access any working register groups 

6. Vectored, priority interrupts for I/O, counter/ 
timers, and UART 

7. Up to 60K bytes addressable external space 
each for program and data memory 

8. On-chip oscillator 

9. High speed instruction execution 

• Working register operating time : 1.5 //s 

• Average instruction execution time : 2.2 //s 

• Maximum instruction execution time : 5.0 fi s 

10. Low-power standby option which retains con- 
tents of general-purpose registers 

11. Single +5V power supply 

12. All pins are TTL compatible 


■ Pin Connections 
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Z8-11 Microcomputer Unit 


LH0801 1 


Block Diagram 


Serial and Parallel 
I O and Control 


I/O 


v Jo Z 
•ts o m 


cn cn 


Vcc( +5V) 


GND(OV) 


System ^ 

Clock w « -2 -S 

o> «u «j -O 

' — A — n'DS DS Q < 



I/O or A8~Ai5 


I/O or ADo~AD7 


■ Pin Description 

The pins of the Z8-11 are compatible with those 
of the Z8-01. For the pin description, refer back 
to the Z8-01 explanation. 
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Z8-12 Development Device 


LH0812 


LH0812 


Z8-12 Development Device 


■ Description 

The 64-pin Z8~12 is the development version of 
the Z8-11 with internal mask-programmed ROM. 
This device allows the user to build the prototype 
systems in hardware with an actual device and to 
develop the code that is eventually mask-program- 
med into the on-chip ROM of the Z8-11. 

The Z8-12 is identical to the Z8-11 with the 
following exceptions : 

• The internal ROM has been removed. 

• The ROM address lines and data lines are buff- 
ered and brought out to external pins. 

• Control lines for the new memory have been 
added. 


■ Pin Connections 


VccGI 

C " 'n 

UP36 

XTAL 2 U 

0 

HP3i 

XTALijr 


I 2 JP 27 

P3?U 


I0P26 

P3o[T 


60]P25 

RESETU 


59JP24 

R/WE 


UP2s 

dsh: 


UP2 2 

AS|T 


DP2i 

P3sE 


HP2o 

P3 2 jTT 


HJP33 

PO 0 Q 2 


UP34 

POitH 


£)Pl7 

PO 2 DI 


5t|Pl6 

POsQl 


ID Plo 

PO4QI 


UP14 

gndQZ 


HP1.3 

PO 5 O 8 


iflPl2 

POefH 


iElPii 

PO?l20 


11 Plo 

iackot 


HID7 

SYNCH 


UD« 

SCLKH 


Ud.-> 

MDSH 


ID D J 

Do(l 


13 Ao 

Dig 


wjAi 

D 2 H 


38lA 2 

D 3 H 


20 A 3 

Ai 1(29 


36 )A 4 

A 10(30 


Ua 5 

Ay (sT 


BAe 

Ah [32 


BA7 


v J 

Top View 


SHARP 


186 





Z8-12 Development Device 


LH0812 


■ Block Diagram 
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Z8-12 Development Device 


LH0812 


■ Pin Description 

The Z8~12 has 64 pins, 40 of which are the 
same as those on the Z8~ll. The remaining 24 
pins are as follows. 


Pin 

Meaning 

I/O 

Function 

Ao‘“*'A 11 

Address Bus 

0 

Address signal for internal ROM 

D 0 ~D 7 

Data Bus 

I 

Data signal for internal ROM. 

MDS 

Data Strobe 

0 

Active “Low”. Internal ROM addresses are valid. 

IACK 

Interrupt Acknowledge 

0 

Active “High”. Detects an interrupt. 

SYNC 

Command Synchronization 

0 

Active “Low”. For synchronizing the command 
fetch cycle. 

SCLK 

System Clock 

0 

Internal system clock. 1/2 of the external clock. 
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Z8-13 Protopack Emulator 


LH0813 


LH0813 


Z8-13 Protopack Emulator 


■ Description 

The Z8-13 (LH0813) is a ROMless version of 
the standard Z8-11, housed in a pin compatible 
40-pin package. 

The Z8~13 carries a 24-pin socket for a direct 
interface to program memory. 2732 type EPROM 
can be used for program memory. 

The Z8-13 allows the user to build the pro- 
totype and pilot production units. When the final 
program is established, the user can then switch 
over to the Z8-11. 


■ Pin Connections 
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Z8-13 Protopack Emulator 


LH0813 


Block Diagram 


Interrupt 
Acknowledge 
Output 


Serial and Parallel 
I/O and Control 


Vcc( + 5V ) 


GND(OV) 


System 

Clock 


Od OS' Q < 



*1 Program Memory Data Strobe Output 
*2 System Clock Output 
*3 Instruction Sync Output 


O : This is equipped with ROM 


■ Pin Description 

The pins of the Z8-13 are compatible with those 
of the Z8-11 and Z8-01 as well. For the pin de- 
scription, refer back to the Z8-01 explanation. 
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Z8-81 Microcomputer Unit 


LH0881 


LH0881 


Z8-81 Microcomputer Unit 


■ Description 

LH0881 is the ROMless version of the LH0801/ 
LH0811(Z8) single-chip microcomputer and offer 
the outstanding feature of the Z8 Family archi- 
tecture. Port 1 is configured to function as multi- 
plexed Address/Data bus (AD 0 ~AD 7 ), while Port 0 
is software configurable to output address bus (A 8 
~Ai 5 ). Therefore, this device is capable of 
addressing up to 128K bytes of the external mem- 
ory space. Using the external memory instead of 
the internal memory, it is possible to design more 
powerful microcomputer system incorporating a 
minimum number of support devices. 


■ Features 

1. Complete microcomputer, 24 I/O lines, and up 
to 64K bytes addressable external space each 
for program and data memory. 

2. 143 bytes register file, including 124 general- 
purpose registers, three I/O port registers, and 
16 status and control registers. 

3. Register pointer so that short, fast instructions 
can access any one of the nine working-register 
groups. 

4. Full-duplex UART and two programmable 
8-bit counter/timers, each with a 6-bit pro- 
grammable prescaler. 

5. Vectored priority interrupts for I/O, counter/ 
timers, and UART. 


■ Pin Connections 
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LH0881 


Z8-81 Microcomputer Unit 


■ Block Diagram 



y Y . Y 

I/O I/O or A8~Ai5 ADo~AD7 


■ Pin Description 


The pins of the Z8-81 have the same functions 
as those of the Z8-01 and Z8-11, except pins Pl 0 
to PI 7 . 


Pin 

Meaning 

I/O 

Function 

Plo~Pl 7 

Address/Data bus 

I/O 

Multiplexed address/data bus. 
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Z8-81 Microcomputer Unit 


LH0881 


■ Address space 

(1) Program Memory 

The Z8-81, having a 16-bit program counter, 
addresses 64K-bytes of external program memory. 
All the command codes are fetched from these ex- 
ternal program memories. 

For the Z8-81, the first 12 bytes of program 
memory are reserved for the interrupt vectors. 
These locations contain six 16-bit vectors that cor- 
respond to the six available interrupts. Program 
execution begins at location OOOCh after a reset. 

(2) Data Memory * 

The Z8-81 can address 64K bytes of external 
data memory. External data memory may be in- 
cluded with or separated from the external prog- 
ram memory space. DM, an optional I/O function 
that can be programmed to appear on pin P34, is 
used to distinguish between data and program 
memory space. 

(3) Register File 

The 143-byte register file includes three I/O 


port registers (RO, R2, R3), 124 general-purpose 
registers (R4-R127) and 16 control and status reg- 
isters (R240-R255). 

These registers are assigned the address loca- 
tions shown in Fig. 2. 

Z8~81 instructions can access registers directly 
or indirectly with an 8-bit address field. This also 
allows short 4 -bit register addressing using the 
Register Pointer (one of the control registers). In 
the 4-bit mode, the regiter file is divided into nine 
working register groups, each occupying 16 con- 
tiguous locations. The Register Pointer addresses 
the starting location of the active working-register 
group. 

(4) Stacks 

Either the internal register file or the external 
data memory can be used for the stack. A 16-bit 
Stack Pointer (R254 and R255) is used for the ex- 
ternal stack, which can reside anywhere in data 
memory. An 8-bit Stack Pointer (R255) is used for 
the interanl stack that resides within the 124 
general-purpose registers (R4-R127). 


65535 


LOCATION OF 
FIRST BYTE OF 
INSTRUCTION 
EXECUTED ^ 


AFTER RESET 12 


11 

IRQ5 

10 

IRQ5 

9 

IRQ4 

8 

IRQ4 

7 

INTERRUPT fi 

VICTOR 

IRQ3 

IRQ3 

vision 

(T DWFR RVTEU ^ 

^ IRQ2 

4 

^ IRQ2 

INTERRUPT 3 

IRQ1 

VECTOR 2 

IRQ1 

(UPPER BYTE) 1 

IRQO 

0 

IRQO 


l EXTERNAL 
f MEMORY 


LOCATION 


IDENTIFIERS 

255 

STACK POINTER (BITS 7 0) 

SPL 

254 

STACK POINTER (BITS 15 8) 

SPH 

253 

REGISTER POINTER 

RP 

252 

PROGRAM CONTROL FLAGS 

FLAGS 

251 

INTERRUPT MASK REGISTER 

IMR 

250 

INTERRUPT REQUEST REGISTER 

IRO 

249 

INTERRUPT PRIORITY REGISTER 

IPR 

248 

PORTS 0-1 MODE 

POiM 

247 

PORT 3 MODE 

P3M 

246 

PORT 2 MODE 

P2M 

245 

TO PRESCALER 

PRE0 

244 

TIMER/COUNTER 0 

TO 

243 

T1 PRESCALER 

PRE1 

242 

TIMER /COUNTER 1 

T1 

241 

TIMER MODE 

TMR 

240 

SERIAL I/O 

SIO 

127 

NOT 

IMPLEMENTED 




4 

GENERAL-PURPOSE 

REGISTERS 


3 

PORT 3 

P3 

2 

PORT 2 

P2 

1 

NOT IMPLEMENTED 


0 

PORT 0 

P0 


Fig. 1 Program memory map 


Fig. 2 The register file 
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Z8-81 Microcomputer Unit 


LH0881 


■ Port Functions 

The Z8-81 has a dedicated memory interface 
port (Port 1) and input/output ports (Port 0, 2, 3). 
These ports are given eight lines each. The func- 
tions of Port 0, 2 and 3 are the same as those of the 
Z8-01/11. 

Port 1 is a dedicated Z~bus compatible memory 
interface. The operations of Port 1 are supported 
by the Address Strobe (AS) and _Data Strobe (DS) 
lines, and by the Read/ Write (R/W) and Data Mem- 
ory (DM) control lines. 

The low-order program and data memory add- 
ress (Ao-A?) are output through Port 1 and are 
multiplexed with data in/out (D0-D7). Instruction 
fetch and data memory read/write operations are 
done through this port. 

Port 1 cannot be used as a register nor can a 
handshake mode be used with this port. 

If more than eight address lines are required with 
the Z8-81, additional lines can be obtained by 
programming Port 0 bits as address bits. The least- 
-significant four bits of Port 0 can be configured to 
supply address bits As-An for 4K byte addressing 
or both nibbles of Port 0 can be configured to 
supply address bits As - Ai 5 for 64K byte addres- 
sing. 


■ Registers 

The Z8~81 control registers are the same as on 
the Z8-01/Z8-11, except two bits D 3 and D 4 in the 
Port 0, 1 Mode Register (R248). 

■ Serial Input/Output 

The Z8“81 serial input/output functions are the 
same as those of the Z8-01/Z8-11. (Refer back to 
the Z8-01 description.) 

■ Counter/Timers 

The Z8~81 counter /timer functions are the same 
as those of the Z8 _ 01/Z8 _ ll. (Refer back to the 
Z8-01 description.) 

■ Interrupts 

The Z8-81 interrupt functions are the same as 
those of the Z8-01/Z8-1 1. (Refer back to the 
Z8-01 description.) 

■ Instructions and AC/DC Characteristics 

These data of the Z8-81 are the same as for the 
Z8-01/Z8-11. (Refer back to the Z8-01 descrip- 
tion.) 


R248 (POIM) Port 0, 1 Mode Register (F8 h Write only) 


d 6 


D 5 


PO 4 -PO 7 MODE 
OUTPUT = 00 — 

INPUT = 01 
Al 2 -Al 5 = lX 

EXTERNAL MEMORY TIMING 

NORMAL = 0 

* EXTENDED = 1 


D 3 


d 2 


Do 


PO 0 -PO 3 MODE 

— 00 = OUTPUT 
01 = INPUT 
IX = A5A11 

STACK SELECTION 

— 0 = EXTERNAL 
1 = INTERNAL 

— RESERVED (MUST BE 0) 
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CMOS 8-Bit 1 -Chip Microcomputer 


SM-803 


SM-803 


CMOS 8-Bit 1-Chip Microcomputer 


■ Description 

The SM-803 is the CMOS version of LH0811 
(Z8). This device is configured as a stand-alone 
microcomputer with 4K bytes of internal ROM, 
128 bytes of RAM, up to 60K bytes addressable 
external space each for program and data memory, 
two programmable 8-bit counter/timers, and UART. 


■ Features 

1. CMOS silicon-gate process technology 

2. Complete microcomputer, 4K bytes of ROM, 
128 bytes of RAM, 32 I/O lines, and up to 
60K bytes addressable external space each for 
program and data memory 

3. 144-byte register file, including 124 general- 
purpose registers, four I/O port registers, and 
16 status and control registers 

4. Full-duplex UART and two programmable 
8-bit counter/timers, each with a 6-bit pro- 
grammable prescaler 

5. Vectored priority interrupts for I/O, counter/ 
timers, and UART 

6. Average instruction execution time of 2.2 f * s 

7. On-chip oscillator which accepts crystal or ex- 
ternal clock drive 

8. Power saving function (HALT/STOP instruc- 
tion mode) 

9. Low power consumption 12mA (TYP.) 

10. Single + 5V power supply 

11. 40-pin dual-in-line package (or 44-pin quad- 
flat package) 


■ Pin Connections 
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CMOS 8-Bit 1-Chip Microcomputer 


SM-803 


Block Diagram 


o 


Serial and Parallel 
I/O and Control 


Vcc( +5V) GND(OV) 


!> CQ tn 

<u n3 <0 fcH 

m to -p ti 

# SB t) 

K Q < 


I/O 


1/ 0 or A8~Ai5 


I/O or ADo~AD 7 



■ Pin Description 


Pin 

Meaning 

I/O 

Function 

P0 o ~P0 7 

Port 0 

I/O 

8-bit I/O port, programmable for I/O. 

Plo~Pl7 

Port 1 

I/O 

Programmable for I/O in bytes. 

P2 0 ~P2 7 

Port 2 

I/O 

Programmable for I/O in bits. 

P3 0 ~P3 7 

Port 3 

I/O 

P3 0 -P3 3 for input, P3 4 -P3 7 for output. 

AS 

Address strobe 

0 

Active “Low”, activated for external address memory 
transfer. 

DS 

Data strobe 

0 

Active *‘Low’>, activated for external data memory 
transfer. 

R/W 

Read/ Write 

0 

Read at “High”, write at “Low”. 

RESET 

Reset 

I 

Active “Low”, initializes. 

XTALl 

Clock 1 

I 

Clock pin. 

XTAL2 

Clock 2 

0 

Clock pin. 
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CMOS 8-Bit 1-Chip Microcomputer 


SM-803 


■ Absolute Maximum Ratings 


x Parameter 

Symbol 

Ratings 

Unit 

(V CC = 5V ±10%, Ta=0 — t-70°C) 

Input voltage 

v IN 

— 0.3 — + 7 

V 

Output voltage 

VoUT 

— 0.3 — h7 

V 

Operating temperature 

T ODr 

0 — K70 

°c 

Storage temperature 

Tsts 

— 65 — + 150 

°c 

■ DC Characteristics 

Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Clock input high voltage 

Vch 

Driven by external clock 
oscillator 

3.8 


Vcc 

V 


Clock input low voltage 

VcL 

Driven by external clock 
oscillator 

-0.3 


0.8 

V 


Input high voltage 

V,„ 


2.0 


V CC 



Input low voltage 

V,L 


-0.3 


0.8 

v 


Reset input high voltage 

V RH 


3.8 


V cc 

V 


Reset input low voltage 

Vrl 


-0.3 


0.8 

V 


Output high voltage 

VoH 

Iqh == 2 5 0 jjl A 

2.4 



V 


Output low voltage 

VOL 

Iol = T 2.0mA 



0.4 

V 


Input leakage cuurrent 

1 In. 1 

0V^V in ^ + 5.25V 



10 

m a 


Output leakage current 

1 IoL 1 

0V^V IN =g + 5.25V 



10 

M A 


Reset input current 

IlR 

V CC =5.25V, V rl =0V 



-50 

juA 


Supply current 

Icc 



12 


mA 




■ AC Characteristics 

The SM-803 is compatible with the Z8~01 as to 
the AC characteristics. Refer back to the Z8-01 
description. 

■ New Functions 

The SM-802 has two standby modes ; HALT 
and STOP. 

(1) HALT mode 

The HALT mode is introduced by decoding a 
HALT instruction (PF7F H ). In this mode, the 
oscillation circuit is kept in operation, but no sys- 
tem clock is internally supplied any more. 



TTL external clock interface circuit 

So there is no power consumption now. This mode 
is cleared by a reset input, port 3 input, or timer 
interrupt at a mask option (designated at the time 
of ROM input). 

(2) STOP mode 

The STOP mode is brought by decoding a STOP 
instruction (FF6F H ). 
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CMOS 8-Bit 1-Chip Microcomputer 


SM-812 


CMOS 8-Bit 1-Chip Microcomputer 

■ Description ■ Pin Connections 

The SM-812 is an 8-bit single chip CMOS micro- 
computer with 2,048-byte of ROM, 128-byte of 
RAM, timer/counter and multiplex interrupt capa- 
bility. 

It is best suited to high-function controllers due 
to its single power supply and high-speed proces- 
sing capability. 


■ Features 

1. CMOS process 

2. ROM capacity 2,048X8 bits 

3. RAM capacity 128X8 bits 

4. 64-byte (MAX.) of address space 

5. Instructions 81 

6. Subroutine nesting using RAM area 

7. Output ports 32 bits 

8. Input/Output ports 16 bits 

9. Timer /counter 

8 bit counter 2 
8 bit prescaler 1 

10. Interrupt function 

External interrupt 1 

Serial I/O interrupt 1 

Timer interrupts 2 

Non-maskable interrupt 1 

11. Serial interface 8 bits 

12. Standby mode (HALT mode, STOP mode) 

13. Single power supply (2.7 ~ 5.5V) 

14. Instruction cycle 1 /*s(MIN.) 

15. 64-pin quad-flat package 
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CMOS 8-Bit 1-Chip Microcomputer 


SM-812 


Block Diagram 


Output Ports and 
External Address Bus 


I/O Ports and 
External Data Bus 



Symbol description 

ADR 

ALU 

PC 

SP 

F 

A, B, C, D, 
INC/DEC 


Interrupt Input 
(non-maskable) 


Address latch 
Arithmetic logic unit 
Program counter 
Stack pointer 
Flag register 
General-purpose registers 
Incrementer/ decrementer 


Interrupt Input 


TM 

TAC, TCB 

IE 

IME 

IF0-IF3 

OSC 

P0-P5 


-I/O Ports 


» I/O Ports 


Timer modular register 
Timer counter 
Interrupt enable F/F 
Interrupt master enable F/F 
Interrupt request register 
System clock oscillator 
Port register 
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CMOS 8-Bit 1-Chip Microcomputer 


SM-812 


■ Pin Description 


Pin 

I/O 

Circtit 

Function 

P4 0 ~P4 7 

I/O 

Pull-up 

Programmable for I/O in bits 

P2 0 /DB 0 

~P2 7 /DB 7 

Bidirectional 

Pull-up at input 

I/O in bytes 

External memory data bus 
signal 

POq/ADo 

~pi 7 /ad 15 

0 


Output in bytes 

External memory address 
signal 

P3- 0 /SI 

O/I 

Pull-up at input 


Serial data input 

P3!/SCK 

O/Bidirectional 

Pull-up at input 


Serial clock input/output 

P3 2 /SO 

0 



Serial data output 

P3 3 /MRQ 

0 


Output in bytes 

Memory request output 

P3 4 /CN 

O/I 

Pull-up at input 

Timer counter input 

P3 5 /T 

0 



Counter signal output 

P3 6 /RD 

0 



Read signal output 

P3 7 /WR 

0 



Write signal output 

P5 0 ~P5 7 

0 

Pull-up 

Settable/resettable in bits 

WAIT 

I 

Pull-up 

Used to prolong an access time for external memory 
or to clear the standby mode. 

INT 

I 

Pull-up 

Maskable interrupt request 

nmI 

I 

Pull-up. 

Non-maskable interrupt request 

RESET 

I 

Pull-up 

Auto clear 

TEST 

I 


For testing (usually connected to GND) 

$ OUT> Ml 

0 


Synchronization clock output 

CK lf CK 2 



For clock oscillator 

Vdd, GND 



Logic circuit power supply 
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CMOS 8-Bit 1-Chip Microcomputer 


SM-813 


SM-813 


CMOS 8-Bit 1-Chip Microcomputer 


■ Description 

The SM-813 is an 8-bit single chip CMOS micro- 
computer with 4,096-byte of ROM, 192-byte of 
RAM, timer/counter and multiplex interrupt capa- 
bility. 

It is best suited to high-function controllers 
due to its single power supply and high-speed pro- 
cessing capability. 


■ Features 

1. CMOS process 

2. ROM capacity 4,096X8 bits 

3. RAM capacity 192X8 bits 

4. 64K-byte (MAX.) of address space 

5. Instructions 81 

6. Subroutine nesting using RAM area 

7. Output ports 16 bits 

9. Timer/counters 

8-bit counters 2 
8-bit prescaler 1 

10. Interrupt function 

External interrupt 1 

Serial I/O interrupt 1 
Timer interrupt 2 

Non-maskable interrupt 1 

11. Serial interface 8 bits 

12. Standby mode (HALT mode, STOP mode) 

13. Single power supply (2.7 ~ 5.5V) 

14. Instruction cycle 1 jus (MIN.) 

15. 64-pin quad-flat package 


Pin Connections 


in 
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CMOS 8-Bit 1-Chip Microcomputer 


SM*813 


■ Block Diagram 


Output Ports and I/O Ports and 

External Address Bus External Data Bus 



Symbol description 


ADR 

Address latch 

TM 

Timer modular register 

ALU 

! Arithmetic logic unit 

TAC, TCB : 

Timer counter 

PC 

I Program counter 

IE 

Interrupt enable F/F 

SP 

I Stack pointer 

IME 

Interrupt master enable F/F 

F 

^ Flag register 

IF 0 ~IF3 

Interrupt request register 

A, B, C, D, E, H, L 

: General-purpose registers 

OSC 

System clock oscillator 

INC/DEC 

’ Incrementer/decrementer 

P0 — P5 

Port register 
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CMOS 8-Bit 1-Chip Microcomputer 


SM-813 


■ Pin Description 


Pin 

I/O 

Circtit 

Function 

P4 0 ~P4 7 

I/O 

Pull-up 

Programmable for I/O in bits 

P2 0 /DB 0 ~ 

P2 7 /DB 7 

I/O 

Pull-up at input 

I/O in bytes 

External memory data bus 
signal 

POq/ADo 

Pl 7 / ad 15 

0 


Output in bytes 

External memory address 
signal 

P3 0 /SI 

O/I 

Pull-up at input 


Serial data input 

P3i/SCK 

O/Bidirectional 

Pull-up at input 


Serial clock input/output 

P3 2 /SO 

0 



Serial data output 

P3 3 /MRQ 

0 


Output in bytes 

Memory output 

P3 4 /CN 

O/I 

Pull-up at input 

Timer counter input 

P3 5 /T 

0 



Counter signal output 

P3 6 

0 




P3 7 

0 




P5 0 ~P5 7 

0 

Pull-up 

Settable/resettable in bits 

RD 

0 


Read signal for external memory 

WR 

0 


Write signal for external memory 

WAIT 

I 

Pull-up 

Used to prolong an access time for external memory 
or to clear the standby mode. 

INT 

I 

Pull-up 

Maskable interrupt request 

NMI 

I 

Pull-up 

Non-maskable interrupt request 

RESET 

I 

Pull-up 

Auto clear 

TEST 

I 


For testing (usually connected to GND) 

^ OUT) Ml 

0 


Synchronization clock output 

CK lf CK 2 



For clock oscillation 

V DD , GND 



Logic circuit power supply 
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CMOS 8-Bit 1-Chip Microcomputer 


LU810V1 


LU810V1 


CMOS 8-Bit 1-Chip Microcomputer 


■ Description 

LU810V1, eliminating the internal ROM from 
SM-812, is the ROM less version of SM-812 and it 
uses Port 0 and Port 1 exclusively as the address 
bus and Port 2 as the data bus. Other functions 
are compatible with those of SM-812. 


■ Features 

1. CMOS process 

2. ROM capacity 128X 8 bits 

3. 64K-byte (MAX.) of address space 

4. Instructions 81 

5. Subroutine nesting using RAM area 

6. Output ports 16 bits 

7. Input/Output ports 8 bits 

8. Timer/counter 

8-bit counters 2 
8-bit prescaler 1 

9. Interrupt function 

External interrupt 1 

Serial I/O interrupt 1 

Timer interrupts 2 

Non-maskable interrupt 1 

10. Serial interface 8 bits 

11. Standby mode (HALT mode, STOP mode) 

12. Single power supply (2.7 — 5.5V) 

13. Instruction cycle 1 /is(MIN.) 

14. 64-pin quad-flat package 


Pin Connections 
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CMOS 8-Bit 1-Chip Microcomputer 


LU810V1 


Block Diagram 


Address Bus 


Data Bus 



Symbol description 

ADR 

ALU 

PC 

SP 

F 

A, B, C, D, 


A, B, C, D, E, H, L 
INC/DEC 


Interrupt Input 
(non -maskable) 


Address latch 
Arithmetic logic unit 
Program counter 
Stack pointer 
Flag register 
General pupose registers 
Incrementer/ decrementer 


Interrupt Input Oscillator 


TM 

TAC, TCB 

IE 

IME 

IF0-IF3 
OSC 
P0 — P5 


-I/O Ports 


I/O Ports 


Timer modular register 
Timer counter 
Interrupt enable F/F 
Interrupt master enable F/F 
Interrupt request register 
System clock oscillator 
Port register 
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CMOS 8-Bit 1-Chip Microcomputer LU810V1 


■ Pin Description 


Pin 

I/O 

Circtit 

. Function 

P4 0 ~P4 7 

I/O 

Pull up 

Programmable for I/O in bits 

DB 0 DB 7 

I/O 

Pull up at input 

I/O in bytes 

External memory data bus 
signal % 

AD 0 AD 15 

0 

' 

Output in bytes 

External memory address 
signal 

/ P3 0 /SI 

O/I 

Pull up at input 


Serial data input 

P3!/SCK 

O/I 

Pull up at input 


Serial clock input/output 

P3 2 /SO 

0 



Serial data output 

P3 3 /MRQ 

0 


Output in bytes 

Memory request output 

P3 4 /CN 

O/I 

Pull up at input 

Timer counter input 

P3 5 /T 

0 



Counter signal output 

P3 6 /RD 

0 



Read signal output 

P3 7 /WR 

0 



Write signal output 

P5 0 ~P5 7 

0 

Pull up 

Settable/resettable in bits 

WAIT 

I 

Pull up 

Used to prolong an access time for external memory 
or to clear the standby mode. 

INT 

I 

Pull up 

Maskable interrupt request 

NMI 

I 

Pull up 

Non-maskable interrupt request 

RESET 

I 

Pull up 

Auto clear 

TEST 

I 


For testing (usually connected to GND) 

^ OUT» Ml 

0 


Synchronization clock output 

CKj, CK 2 



For clock oscillation 

V DD , GND 



Logic circuit power supply 
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Z8 Series Ordering Information 


Z8 Series Ordering Information 


Below is discussed how to order the Z8 series 
products. 

Customers are requested to submit an EPROM or 
paper tape as the ROM data media. The following 
information should be attached in any form and 
any means. 

(1) ROM data media 

(2) Specific data (chip select, marking, and 
other information) 

(3) Your company’s name, your own name, and 
stamp 

(4) Ordering date 

When submitting the ROM drawings, two sets of 
ROM data media are also required together with a 


list of ROM to see if the read-out data are correct. 

With the ROM data media, we computer-aid- 
ed-design a ROM masking magnetic tape and make 
up EPROM or paper tapes, and their list, in order 
to make sure the designed ROM data are correct. 
These materials are then checked up by the cus- 
tomer for approval. If it is okay, we start masking 
and make some technical evaluation samples (TS), 
which are delivered to the customer. When the 
samples are accepted, the customer will send us a 
“TS Confirmation”. By a mass-production order at 
the moment or later, we will start producing the 
product in large quantities. 
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8-Bit Microprocessor 
and Peripheral LSIs 



Z80/Z80A/Z80B Central Processing Unit 


LH0080/LH0080A/LH0080B 


LH0080/LH0080A/LH0080B 

Z80/Z80A/Z80B Central Processing Unit 


■ Description 

The Z80 product line is a complete set of micro- 
computer components, development systems and 
support software. The Z80 microcomputer com- 
ponent set includes all of the circuits necessary to 
build high-performance microcomputer systems 
with virtually no other logic and a minimum num- 
ber of low cost standard memory elements. 

The LH0080 Z80 CPU (Z80 CPU for short be- 
low) is the third generation microprocessor im- 
plemented using an N-channel silicon-gate process. 

The Z80 CPU is designed for using the standard 
memory components, higher system throughput and 
more efficient memory utilization. In addition, the 
output signals of the Z80 CPU is decoded to con- 
trol peripherals. The Z80 CPU requires only 
single +5V DC power supply and single phase 
clock, therefore it is easy for the Z80 CPU to im- 
plement into a system. 

The LH0080A Z80A and LH0080B Z80B CPU 
are the high speed version which can operate at the 
4MHz and 6MHz system clock, respectively. 


■ Features 

1. 8-bit parallel processing single-chip micro- 
processor 

2. N-channel silicon-gate process 

3. 158 instructions (The instruction of the 8080 A 
are included as a subset ; 8080A software com- 
patibility is maintained) 

4. 22 registers 

5. The capability of 3 modes maskable interrupt 
and non-maskable interrupt 

6. On-chip dynamic memory refresh counter 

7. Instruction fetch cycle : 1.6/*s(Z80), l.Oi^s 
(Z80A), 0.67 /£s(Z80B) 

8. Single + 5V power supply and single phase 
clock 

9. All inputs and outputs fully TTL compatible 

10. 40-pin dual-in -line package 


■ Pin Connections 
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Z80/Z80A/Z80B Central Processing Unit 


LH0080/LH0080A/LH0080B 


Block Diagram 


Halt State 
Memory Request 
Input/Output Request 
Read 
Write 
Bus Acknowledge 
Machine Cycle! 

Refresh 

Interrupt Request 
Non-Maskable Interrupt 
Wait 
Bus Request 
Reset 




E 

H 

D 

a, 

o 




System Data Bus 






Data Bus Interface 





/ 

V 


Instruction 


Instruction 


I 




< 

Register 


■ 


ALU 

Decoder 



I 







i 




Register Array 
7^ 


-4— 4— J>- 


Address Bus Interface 



5X4X3X2riX40Y39Y38Y37X36Y35W33^2W30> 


V<x GND System 
(+5VH0V) Clock 


System Address Bus 
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Z80/Z80A/Z80B Central Processing Unit 


LH 0080/ LH 0080 A/ LH 0080B 


■ Pin Description 


Pin 

Meaning 

I/O 

Function 

Ao~A 15 

Address bus 

3 -state O 

System address bus 

Do D 7 

Data bus 

Bidirectional 

3 -state 

System data bus 

Ml 

Machine cycle one 

O 

Active “Low”. Indicates that the current machine cycle 
is the OP code fetch cycle of an instruction execution. 

MREQ 

Memory request 

3 -state O 

Active “Low”.- Indicates that the address bus holds a 
valid address for a memory read or memory write op- 
eration. 

IORQ 

I/O request 

3 -state O 

Active “Low”. Indicates that the lower 8 bits of the 

address, bus holds a valid I/O address' for an I/O read 
or write operation. Also generated concurrently with 
Ml during an interrupt acknowledge cycle to indicate an 
interrupt response. 

RD 

Memory read 

3 -state O 

Active “Low”. Indicates that the CPU wants to read data 
from memory or an I/O device. 

WR 

Memory write 

3 -state O 

Active “Low”. Indicates that the CPU data bus holds 
valid data to be stored at the addressed memory or I/O 
location. 

RFSH 

Refresh 

O 

Active “Low”. Indicates that the lower 7 bits of the. sys- 
tem address bus can be used as a refresh address to the 
system’s dynamic memories. Together with MREQ at 
“Low”. 

HALT 

Halt state 

O 

Active “Low”. Indicates that a Halt instruction is being 
executed. While halted, the CPU executes NOPs to main- 
tain memory refresh. The Halt state is cleared with RE- 
SET, NMI, or INT (when allowed). 

WAIT 

Wait 

I 

Active “Low”. Indicates to the CPU that the addressed 
memory or I/O devices are not ready for a data transfer. 
The CPU continues to enter a wait state as long as this 
signal is active. 

INT 

Maskable interrupt 
request 

I 

Active “Low”. Generated by I/O devices. The CPU hon- 
ors a request at the end of the current instruction if the 
interrupt enable flip-flop is enabled. 

nm! 

Non-maskable 
interrupt request 

I 

Active “Low”. Has a higher priority than INT. Always 
recognized at the end of the current instruction, inde- 
pendent of the status of the interrupt enable flip-flop. 
Automatically forces the Z80 CPU to restart at location 
0066H. 

RESET 

Reset 

I 

Active “Low”. Resets the interrupt enable flip-flop, the 
program counter interrupt vector register and the mem- 
ory refresh register, and sets the interrupt status to 
Mode 0, in order to initialize the CPU. 

BUSRQ 

Bus request 

I 

Active “Low". Has a higher priority than NMI. Always 
recognized at the end of the current machine cycle. Acti- 
vated to allow a bus master other than the CPU to con- 
trol the system bus. 

BUSAK 

Bus acknowledge 

O- 

Active “Low”. Indicates to the requesting device that the 
external circuitry can control the system bus. 

CLOCK 

System clock 

I 

Inputs + 5V single-phase clock. 
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Z80/Z80A/Z80B Central Processing Unit 


L H 0080/ L H 0080 A/ L H 0080 B 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Input voltage 

V, N 

— 0.3 — F 7.0 

V 

Output voltage 

VoUT 

— 0.3 — 1-7.0 

V 

Operating temperature 

T 

1 opr 

0 — F 70 

°C 

Storage temperature 

Liis 

— 65 — 1-150 

°C 


Standard Test Conditions 

The characteristics below apply for the follow- 
ing standard test conditions, unless otherwise 
noted. All voltages are referenced to GND (0V). 
Positive current flows into the referenced pin. 

All ac parameters assume a load capacitance of 
100 pF. Add 10 ns delay for each 50 pF increase 
in load up to a maximum of 200 pF for the data 
bus and 100 pF for address and control lines. 


■ DC Characteristics (V cc =5V±5%,Ta=o~-i-70°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit , 

Clock input low voltage 

Vilc 


-0.3 


0.45 

V 

Clock input high voltage 

V,HC 


Vcc-0.6 


Vcc + 0.3 

V 

Input low voltage 

V,L 


-0.3 


0.8 

V 

Input high voltage 

VlH 


2.0 


< 

o 

o 

V 

Output low voltage 

VoL 

Iol = 1.8mA 



0.4 

V 

Output high voltage 

Vqh 

Iqh — 250 fj.Pi. 

2.4 



V 




Z80 CPU 



150 

mA 

Current consumption 

Icc 


Z80A CPU 



200 

mA 




Z80B CPU 



200 

mA 

Input leakage current 

Uul 

0^V IN ^V C c 



10 

M 

3 -state output leakage 
current in float 

1 Ileak 1 

V OU t = 0.4V~Vcc 



10 

M 


■ Capacitance (f=iMHz,Ta=25'C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Clock capacitance 

Cclock 

Unmeasured pins returned 
to ground 



35 

pF 

Input capacitance 

ClN 



5 

pF 

Output capacitance 

CqUT 



10 

pF 
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Z80/Z80A/Z80B Central Processing Unit LH0080/LH0080A/LH0080B 


■ AC Characteristics (V CC =5V±5%, Ta=o~+70°C) 


No. 

Parameter 

Symbol 

| Z80 CPU 

! Z80A CPU 

[ Z80B CPU* 

Unit 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. - 

1 

Clock cycle time 

TcC 

400* 


250* 


165* 


ns 

2 

Clock pulse width (High) 

TwCh 

180* 


110* 


65* 


ns 

3 

Clock pulse width (Low) 

TwCl 

180 

2000 

110 

2000 

65 

2000 

ns 

_4 

Clock fall time 

TfC 


30 


30 


20 

ns 

5 

Clock rise time 

TrC 


30 


30 


20 

ns 

6 

Clock t to address valitj delay 

TdCr (A) 


145 


110 


90 

ns 

7 

Address valid to MREQ i delay 

TdA (MREQf) 

125* 


65* 


CO 

cn 

* 


ns 

8 

Clock i to MREQ 1 delay 

TdCf (MREQf) 


100 


85 


70 

ns 

9 

Clock t to MREQ T delay 

TdCr (MREQr) 


1Q0 


85 


70 

ns 

10 

MREQ pulse width (High) 

TwMREQh 

170* 


110* 


65* 


ns 

11 

MREQ pulse width (Low) 

TwMREQl 

360* 


220* 


135* 


ns 

12 

Clock i to MREQ t delay 

TdCf (MREQr) 


100 


85 


70 

ns 

13 

Clock i to RD i delay 

TdCf (RDf) 


130 


95 


80 

ns 

14 

Clock t to RD t delay 

TdCr (RDr) 


100 


85 


70 

ns 

15 

Data setup time to clock t 

TsD (Cr) 

50 


35 


30 


ns 

16 

Data hold time from RD t 

ThD (RDr) 

0 


0 


0 


ns 

17 

WAIT setup time to clock l 

TsWAIT (Cf) 

70 


70 


60 


ns 

18 

WAIT hold time after clock i 

ThWAIT (Cf) 

0 


0 


0 


ns 

19 

Clock t to Ml j delay 

TdCr (Mlf) 


130 


100 


80 

ns 

20 

Clock t to Ml t delay 

TdCr (Mir) 


130 


100 


80 

ns 

21 

Clock t to RFSH i delay 

TdCr (RFSHf) 


180 


130 


no 

ns 

22 

Clock f to RFSH t delay 

TdCr (RFSHr) 


150 


.120 


100 

ns 

23 

Clock I to RD t delay 

TdCf (RDr) 


110 


85 


70 

ns 

24 

Clock t to RD 1 delay 

TdCr (RDf) 


100 


85 


70 

ns 

25 

Data Setup to clock t during 

M 2 , M 3 , M 4 or M 5 cycles 

TsD (Cf) 

60 


50 


40 


ns 

26 

Address stable prior to IORQ i 

TdA (IORQf) 

320* 


180* 


no* 


ns 

27 

Clock t to IORQ 1 delay 

TdCr (IORQf) 


90 


75 


65 

ns 

28 

Clock i to IORQ t delay 

TdCf (IORQr) 


110 


85 


70 

ns 

29 

Data stable prior to WR i 

TdDm {WRf) 

190* 


80* 


25* 


ns 

30 

Clock i to WR | delay 

TdCf (WRf) 


90 


80 


70 

ns 

31 

WR pulse width 

TwWR 

360* 


220* 


135* 


ns 

32 

Clock i to WR t delay 

TdCf (WRr) 


100 


80 


70 

ns 

33 

Data stable prior to WR 1 

TdDi (WRf) 

20* 


-10* 


-55* 


ns 

34 

Clock t to WR i delay 

TdCr (WRf) 


80 


65 


60 

ns 

35 

Data stable from WR t 

TdWRr (D) 

120* 


60* 


30* 


ns 

36 

Clock I to HALT t or i 

TdCf (HALT) 


300 


300 


260 

ns 

37 

NMI pulse width 

TwNMI 

80 


80 


70 - 


ns 

38 

BUSREQ setup time to clock T 

TsBUSRQ (Cr) 

80 


50 


50 


ns 

39 

BUSREQ hold time after clock t 

ThBUSRQ (Cr) 

0 


0 


0 


ns 

40 

Clock t to BUSACK 1 delay 

TdCr (BUSAKf) 


120 


100 


90 

ns 

41 

Clock i to BUSACK t delay 

TdCf (BUSAKr) 


110 


100 


90 

ns 

42 

Clock t to data float delay 

TdCr (Dz) 


90 


90 


80 

ns 

43 

Clock t to control output float delay 
(MREQ, IORQ, RD, and WR) 

TdCr (CTz) 


110 


80 


70 

ns 

44 

Clock t to address float delay 

TdCr (Az) 


110 


90 


80 

ns 

45 

MREQ t , IORQ t , RD and WR t 
to address hold time 

TdCTr (A) 

160* 


* 

o 

00 


35* 


ns 


t Rising edge, i Falling edge 
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Z80/Z80A/Z80B Central Processing Unit 


LH0080/LH0080A/LH0080B 


’A 


No. 

Parameter 

Symbol 

Z80 CPU 

I Z80A CPU 

F Z80B CPU* 

Unit 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

46 

RESET i to clock f setup time 

TsRESET (Cr) 

90 


60 


60 


ns 

47 

RESET from clock t hold time 

ThRESET (Cr) 

0 


0 


0 


ns 

48 

INT to clock t setup time 

TsINTf(Cr) 

80 


80 


70 


ns 

49 

INT from clock f hold time 

ThINTr (Cr) 

0 


0 


0 


ns 

50 

Ml l to IORQ 1 delay 

TdMlf (IORQf) 

920* 


565* 


365* 


ns 

51 

Clock i to IORQ I delay 

TdCf (IORQf) 


no 


85 


70 

ns 

52 

Clock t to IORQ t delay 

TdCf (IORQr) 


100 


85 


70 

ns 

53 

Clock i to data valid delay 

TdCf (D) 


230 


150 


130 

ns 


All ac parameters assume a load capacitance of 100 pF. Add 10 
/is delay for each 50 pF increase in load up to a maximum of 200 
pF for the data bus and 100 pF for address and control lines. 

For clock periods other than the minimums shown in the table, 
calculate parameters using the following expressions. 

All timings are preliminary and subject to change. 


Output pin 


lOOpF 



■ Footnotes to AC Characteristics 


No. 

Symbol 

Z80 

Z80A 

Z80B 

1 

TcC 

TwCh + TwCl + TrC+TfC 

TwCh+TwCl+TrC+TfC 

TwCh + TwCl + TrC + TfC 

2 

TwCh 

MAX. 200 /^s 

MAX. 200 

MAX. 200 /ks 

7 

TdA (MREQf) 

TwCh + TfC-75 

TwCh + TfC — 65 

TwCh + TfC -50 

10 

TwMREQh 

TwCh + TfC — 30 

TwCh + TfC-20 

TwCh+TfC— 20 

11 

TwMREQl 

TcC — 40 

TcC- 30 

TcC— 30 

26 

TdA (IORQf) 

TcC -80 

TcC -70 

TcC — 55 

29 

TdD (WRf) 

TcC— 210 

TcC— 170 

TcC- 140 

31 

TwWR 

TcC -40 

TcC— 30 

TcC- 30 

33 

TdD (WRf) 

TwCl + TrC— 180 

TwCl + TrC— 140 

TwCl + TrC— 140 

35 

TdWRr (D) 

TwCl-PTrC — 80 

TwCl+TrC — 70 

TwCl + TrC — 55 

45 

TdCTr (A) 

TwCl + TrC — 40 

TwCl + TrC — 50 

TwCl + TrC- 50 

50 

TdMlf (IORQf) 

2TcC+TwCh + TfC— 80 

2TcC + TwCh + TfC -65 

2TcC+TwCh + TfC-50 


AC Test Conditions : 

Vih=2.0V Vmc = Vcc — 0.6 V 

Vil=0.8V Vilc= 0.45 V 


Voh=2.0V FLOAT =±0.5 
Vol=0.8V 
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■ CPU Timing 

The Z80 CPU executes instructions by proceed-, 
ing through a specific sequence of operations: 

• Memory read or write 

• I/O device read or write 

• Interrupt acknowledge 

The basic clock period is referred to as a T time 
or cycle, and three or more T cycles make up a 
machine cycle (Ml, M2 or M3 for instance). 
Machine cycles can be extended either by the CPU 
automatically inserting one or more Wait states or 
by the insertion of one or more Wait states by the 
user. 


(1 ) Instruction Opcode Fetch 

The CPU places the contents of the Program 
Counter (PC) on the address bus at the start of the 
cycle (Fig. 1 ). Approximately one-half clock cycle 
later, MREQ goes active. When active, RD indicate^ 
that the memory data can be enabled onto the CPU 
data bus. . 

The CPU samples the WAIT input with the fall- 
ing edge of cl ock state T 2 . During clock states T 3 
and Ti of an Ml cycle dynamic RAM refresh can 
occur while the CPU starts decoding and executing 
the instruction. When the Refresh Control signal 
becomes active, refreshing of dynamic memory can 
take place. 



Note: Tw-Wait cycle added when necessary for slow ancilliary devices. 

Fig. 1 Instruction opcode fetch 


(2) Memory Read or Write Cycles 

Fig. 2 shows the timing of memory read or write 
cycl es other than _an opcode fetch (Ml) cycle. 

The MREQ and RD signals functibn exactly as in 
the fetch cycle. In a memory write cycle, MREQ 
also beco mes active when the address bus is stable. 
The WR line is active when the data bus is stable, 
so that it can be used directly as an R/W pulse to 
most semiconductor memories. 


(3) Input or Output Cycles 

Fig. 3 shows the timing for an I/O read or I/O 
write operation. 

During I/O operations, the CPU automatically in- 
serts a single wait state (Tw). This extra wait state 
allows sufficient time for an I/O port to decode the 
address from the port address lines. 
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Note • Tw=One wait cycle automatically inserted by CPU. 

Fig. 3 Input or output 


(4) Interrupt request/acknowledge cycle cle> [0RQ becomes actlve (instead of MREQ) to indi . 

The CPU samples the interrupt signal with the cate that the interrupting device can place an 8-bit 

rising edge of the last clock at the end of any in- vector on the data bus. The CPU automatically 

struction (Fig. 4). When an interrupt is accepted, a adds two wait states to this cycle, 

special Ml cycle is generated. During this Ml cy- 
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(5) Non-maskable interrupt request cycle 

NMI is sam pled at the same time as the maskable 
interrupt INT but has higher priority and cannot be 
disabled under software control. 

The subsequent timing is similar to that of a nor- 


mal instruction fetch except that data put on the 
bus by the memory is ignored. The CPU instead ex- 
ecutes a restart (RST) operation and jumps to the 
NMI service routine located at address 0066H 
(Fig. 5). 



‘Although NMI is an asynchronous input, to guara ntee its being 
recognized on the following machine cycle, NMI’s falling edge 
must occur no later than rising edge of the clock cycle preceding 
Tlast- 

Fig. 5 Non-maskable interrupt request operation 


(6) Bus request/acknowledge cycle 

The CPU samples BUSREQ with the rising edge 
of the last cloc k period of any machine cycle (Fig. 
6). If BUS REQ is active, the CPU s ets i ts address, 
data, and MREQ, IORQ, RD, and WR lines to a 
high-impedance state with the rising edge of the 
next clock pulse. At that time, any external device 
can take control of these lines, usually to transfer 
data between memory and I/O devices. 


(7) Reset cycle 

RESET must be active for at least three clock cy- 
cles for the CPU to properly accept it. As long as 
RESET remains active, the address and data buses 
float, a nd the control outputs are inactive. Once 
RESET goes inactive, three internal T cycles are 
consumed befor e the CP U resumes normal proces- 
sing operation. RESET clears the PC register, so 
the first opcode fetch will be location 0000 (Fig. 8). 
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Reference circuit) 

The RAM contents may be adversely affected by 
resetting the CPU w hile it is in operation. 

To prevent this, a RESET signal should be input 
in the following timings. 

(1) No w ait state in the Ml cycle 

Input a RESET signal to start sampling this sig- 
nal at the clock rising in the Ml cycle’s T 2 state. 

Fig. 9 shows a typical circuit generating such a 


RESET signal. 

(2) A wa it state in the Ml cycle 

Input a RESET signal to start sampling this sig- 
nal at the clock rising in the Ml cycle’s T 3 state. 

Wh en a 1 wait state occurs, this type of RE- 
SET signal can be generated by the circuit di- 
agrammed in Fig. 10. In the circuit shown in Fig. 2, 
no RESET signal is given during an interrupt ac- 
knowledge cycle. 
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■ CPU Registers 


A Accumulator 

F Flag Register 

A' Accumulator 

F' Flag Register 

B General Purpose 

C General Purpose 

B' General Purpose 

C' General Purpose 

D General Purpose 

E General Purpose 

D' General Purpose 

E' General Purpose 

H General Purpose 

L General Purpose 

H' General Purpose 

L' General Purpose 


« 8 bits ► 

I Interrupt Vector | R Memory Refresh 

IX 

Index Register 

IY 

Index Register 

SP 

Stack pointer 

PC 

Program Counter 


16 bits 


■ Architecture 

(1) CPU Registers 

(i) Program Counter (PC) The program 
counter holds the 16 bits memory address of a cur- 
rent instruction. The CPU fetches the contents 
from memory address specified by the PC. 

The PC feeds the data to the address line, auto- 
matically setting the PC value to + 1. When a prog- 
ram jump takes place, a new value is directly set to 
the PC. 

(ii) Stack Pointer (SP) The stack pointer 
holds the top 16-bit address of the stack with an 
external RAM. An external file is based on LIFO 
(Last-In, First-Out). 

The data are transferred between a CPU-speci- 
fied register and the stack by a PUSH or POP in- 
struction. The last-pushed data are first popped 
from the stack. 

(iii) Index Register (IX & IY) For index 
mode addressing, there are independent index reg- 
isters IX and IY, each of which holds 16-bit refer- 
ence address. 

In the index mode, the index registers are used to 
designate the memory area for data input/ output. 

With an INDEX ADDRESSING instruction, an 
effective address comes by adding a one-byte dis- 
placement to the register content. This displace- 
ment is an integral signed two’s complement num- 
ber 

(iv) Interrupt Register (I) The Z80 CPU has 

indirect subroutine call mode for any memory area 
according to an interrupt. For this purpose, this 
register stores the upper 8 bits of memory address 
for vectored interrupt processing and the lower 8 
bits for the interrupting device. 


(v) Refresh Register (R) The built-in re- 
fresh register provides user-transparent dynamic 
memory refresh. Its lower 7 bits are automatically 
incremented during each instruction fetch cycle. 

While the CPU records a fetched instruction and 
executes the instruction, the refresh register data 
are placed on the address bus by a REFRESH con- 
trol signal. 

(vi) Accumulator and Flag Register (A & F) 

The CPU has also two independent 8-bit accu- 
mulators in combination with two 8-bit flag regis- 
ters. 

The accumulators store an operand or the re- 
sults of an 8-bit operation. The flag registers, on 
the other hand, deal with the results of an 8-bit or 
16-bit operation; for example, seeing if the result 
is equal to 0 or not. 

(vii) General-Purpose Registers There are 
several pairs of general-purpose registers. In each 
pair, they can be used separately or as a 16-bit 
paired register. The paired registers are BC, DE, 
HL, as well as BC' DE' HL'. Either of these sets can 
work by an “Exchange” instruction at any time on 
a program. 

(2) Arithmetic/Logical Unit (ALU) 

An 8-bit arithmetic/logical operation instruction 
is executed by the ALU inside the CPU. The ALU 
connects to each register through the internal bus 
for data transfer between them. 

(3) Instruction Register, CPU Control 

Each instruction is read out of the memory, held 
in the instruction register, and decoded. The con- 
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trol unit controls this action and gives control sig- 
nals necessary to read and write data from and to 
the registers. 

The control unit also makes ALU control signal 
and other external control signals. 

interrupts : General Operation) The Z80 CPU 
accepts two interrupt input signals: NMI and INT. 
The NMI is a non-maskable interrupt and has the 
highest priority. INT is a lower priority interrupt 
and it requires that interrupts be enabled in soft- 
ware in order to operate. 

(1 ) Non-Maskable Interrupt (NMI) 

The non-maskable interrupt will be accepted at 
all times by the CPU. 

After recognition of the NMI signal, the CPU 
jumps to restart location 0066H. 

(2) Maskable Interrupt (INT) 

The maskable interrupt, INT, has three prog- 
rammable response modes available. 

(i) Mode 0 Interrupt Operation. This 
mode is similar to the 8080A microprocessor in- 
terrupt service procedures. The interrupting de- 


vice places an instruction on the data bus. This is a 
Restart instruction or a Call instruction. 

(ii) Mode 1 Interrupt Operation. Mo de 1 
operation is very similar to that for the NMI. The 
principal difference is that the Mode 1 interrupt 
has a restart location of 0038H only. 

(iii) Mode 2 Interrupt Operation. This in- 
terrupt mode has been designed to utilize most 
effectively the capabilities of the Z80 microp- 
rocessor and its associated peripheral family. The 
interrupting peripheral device selects the starting 
address (16 bits) of the interrupt service routine. It 
does this by placing an 8-bit vector on the data 
bus during the interrupt acknowledge cycle. The 
CPU forms a pointer using this byte as the lower 
8 -bits and the contents of the I register as the up- 
per 8-bits. This points to an entry in a table of 
addresses for interrupt service routines. The CPU 
then jumps to the routine at that address. 

All the Z80 peripheral devices have the inter- 
rupt priority circuit with a daisy-chain configura- 
tion. During an interrupt acknowledge Cycle, vec- 
tors are automatically fed. For more details, refer 
to the Z80 PIO description. 
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■ Instruction Set 


Table 1 8-bit load group 


Mnemonic 

Symbolic 

operation 

OP code 

HEX code 

Flags 

No. of 
Bytes 

No. of 

M Cycles 

No. of 

T States 

Comments 

76 

543 

210 

(Basic) 

C 

z 

P/V 

S 

' N 

H 

LD r, r' 

r— r' 

01 

r 

r' 

40 + 

• 

• 

• 

• 

• 

• 

1 

1 

4 


LD r, n 

r*-n 

00 

r 

110 

06 + 

• 

• 

• 

• 

• 

• 

2 

2 

7 





— 

n 

— 











r,r 

Reg. 

LD r, (HL) 

r- (HL) 

01 

r 

no 

46 + 

• 

• 

• 

• 

• 

• 

1 

2 

7 

000 

B 

LD r, (IX + d) 

r«— (IX+d) 

11 

011 

101 

DD 

• 

• 

• 

• 

• 

• 

3 

5 

19 

001 

C 



01 

r 

no 

46 + 










010 

D 



— 

d 

— 











Oil 

E 

LD r, (IY + d) 

r«— (IY + d) 

11 

111 

101 

FD 

• 

• 

• 

• 

• 

• 

3 

5 

19 

100 

H 



01 

r 

no 

46 










101 

L 



— 

d 

— 











111 

A 

LD (HL), r 

(HL)«-r 

01 

110 r 

70 + 

• 

• 

• 

• 

• 

• 

1 

2 

7 



LD (IX + d), r 

(IX + d)«— r 

11 

011 

101 

DD 

• 

• 

• 

• 

• 

• 

3 

5 

19 





01 

110 r 

70 + 














— 

d 

— 













LD (IY + d), r 

(IY + d)— r 

11 

111 

101 

FD 

• 

• 

• 

• 

• 

• 

3 

5 

19 





01 

110 r 

70 + 














— 

d 














LD (HL), n 

(HL)«-n 

00 

110 

no 

36 

• 

• 

• 

• 

• 

• 

2 

3 

10 





— 

n 

-*• 













LD (IX + d), n 

(IX + d)— n 

11 

011 

101 

DD 

• 

• 

• 

• 

• 

• 

4 

5 

19 





00 

110 

no 

36 














— 

d 

— 















— 

n 

— 













LD (IY+d), n 

(IY + d)— n 

11 

111 

101 

FD 

• 

• 

• 

• 

• 

• 

4 

5 

19 





00 

110 

no 

36 














— 

d 

-► 















— 

n 

— 













LD A, (BC) 

A — (BC) 

00 

001 

010 

0A 

• 

• 

• 

• 

• 

• 

1 

2 

7 



LD A, (DE) 

A — (DE) 

00 

011 

010 

1A 

• 

• 

• 

• 

• 

• 

1 

2 

7 



LD A, (nn) 

A — (nn) 

00 

111 

010 

3A 

• 

• 

• 

• 

• 

• 

3 

4 

13 





— 

n 

— ► 















— 

n 

— 













LD (BC), A 

(BC) — A 

00 

000 

010 

02 

• 

• 

• 

• 

• 

• 

1 

2 

7 



LD (DE), A 

(DE) — A 

00 

010 

010 

12 

• 

• 

• 

• 

• 

• 

1 

2 

7 



LD (nn), A 

(nn) — A 

00 

110 

010 

32 

• 

• 

• 

• 

• 

• 

3 

4 

13 





— 

n 

— 















— 

n 

— 













LD A, I 

A — I 

11 

101 

101 

ED 

• 

t 

IFF 

t 

0 

0 

2 

2 

9 





01 

010 

111 

57 












LD A, R 

A — R 

11 

101 

101 

ED 

• 

t 

IFF 

* 

0 

0 

2 

2 

9 





01 

Oil 

111 

5F 












LD I, A 

I — A 

11 

101 

101 

ED 

• 

• 

• 

• - 

• 

• 

2 

2 

9 





01 

000 

111 

47 












LD R, A 

R — A 

11 

101 

101 

ED 

• 

• 

• 

• 

• 

• 

2 

2 

9 





01 

001 

111 

4F 













Notes : r, r' means any of the registers A, B, C, D, E, H, L, IFF the content of the interrupt enable flip-flop, (IFF) is copied into the P/V flag. 
Flags : C (carry), Z (zero), S (sign), P/V (parity /overflow), H (half carry), N (add/substract). 

: •= unchanged, 0= reset, l=set, X = undefined. 

: t set or reset according to the result of the operation. 
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Table 2 16- bit load group 


Mnemonic 

Symbolic 

operation 

OP code 

HEX code 

Flags 

No. of 
Bytes 

No. of 

M Cycles 

No. of 

T States 

Comments 

76 543 210 

(Basic) 

C 

Z 

p/v\ 

S 

N 

H 

LD dd, nn 

dd nn 

00 ddO 001 
n 

n — ► 

01 + 

• 

• 

• 

• 

• 

• 

3 

3 

10 

dd 

Reg. 

LD IX, nn 

IX — nn 

11 011 101 
00 100 001 

n -► 

DD 

21 


• 

• 

• 

• 

• 

4 

4 

14 

00 

01 

10 

11 

BC 

DE 

HL 

SP 

LD IY, nn 

IY — nn 

11 111 101 
00 100 001 
*- n — ► 

FD 

21 


• 

• 

! 

! 

• 

• 

• 

4 

4 

14 

LD HL, (nn) 

H (nn+1) 
L «— (nn) 

oo ioi oid 

2A 

• 

• 

• 

1 

• 

• 

• 

3 

5 

16 

nn : 2 -byte number. 
Lower byte just 
after opcode. 

Upper byte comes 
next. 

LD dd, (nn) 

ddH *- (nn + 1) 
ddL (nn) 

11 101 101 
01 ddl Oil 

n — ► 

ED 

4B + 

• 

• 

• 1 

• 

• 

• 

4 

6 

20 

LD IX, (nn) 

IXh ■*— (nn+1) 
IXl «- (nn) 

11 011 101 
00 101 010 
n — ► 

n — ► 

DD 

2A 

• 

• 

• 

i 

1 

• 

• 

• 

4 

6 

20 

LD IY, (nn) 

IYh «- (nn + 1) 
IYl «- (nn) 

11 111 101 
00 101 010 
•*— n — ► 

FD 

2A 

• 

• 

T 

! 

• 

• 

• 

4 

6 

20 

LD (nn), HL 

(nn+1) — H 
(nn) L 

00 100 010 
n — ► 

n — *• 

22 

• 

• 

• 

• 

• 


3 

5 

16 

LD (nn), dd 

(nn+1) *- ddH 
(nn) «- ddL 

11 101 101 
01 ddO Oil 
n — ► 

n -► 

ED 

43 + 

• 

• 

• 

• 

• 

• 

4 

6 

20 

LD (nn), IX 

(nn+l^IXH 
(nn) +— IXl 

11 011 101 
00 100 010 
n — ► 

n — ► 

DD 

22 

• 

• 

• 

• 

• 

• 

4 

6 

20 

LD (nn), IY 

(nn+l)MYn 
(nn) <- IYl 

11 111 101 
00 100 010 
n — ► 

n —► 

FD 

22 

• 

• 

• 

• 

• 


4 

6 

20 

LD SP, HL 

SP HL 

11 111 001 

F9 

• 

• 

• 

• 

• 

• 

1 

1 

6 

LD SP, IX 

SP IX 

11 011 101 

1 11 111 001 

DD 

F9 

• 

• 

• 

• 

• 

• 

2 

2 

10 

LDSP, IY 

SP — IY 

' 11 111 101 
11 111 001 

FD 

F9 

• 

• 

• 

• 

• 

• 

2 

2 

10 

PUSH qq 

(SP— 2)<-qqL 
(SP-l)*-qqH 

11 qqO 101 

C5 + 

• 

• 

• 

• 

• 

• 

1 

3 

11 

qq 

Reg. 

PUSH IX 

(SP-2)MXl 

(SP-1)«-IXh 

11 011 101 
11 100 101 

DD 

E5 

• 

• 

• 

• 

• 

• 

2 

4 

15 

00 

01 

10 

11 

BC 

DE 

HL 
| AF 

PUSH IY 

(SP-2)MYl 

(SP-I)MYh 

11 111 101 
11 100 101 

FD 

E5 


• 

• 

• 

• 

• 

2 

4 

15 

POP qq 

qqH (SP+1) 
qqL «- (SP) 

11 qqO 001 

C1 + 

• 

• 

• 

• 

• 

• 

1 

3 

10 

POP IX 

IXh«-(SP+1) 
IXl ♦- (SP) 

11 011 101 
11 100 001 

DD 

El 

• 

• 

• 

• 

• 

• 

2 

4 

14 


POP IY 

IYh (SP+1) 
IYl — (SP) 

11 111 101 
11 100 001 

FD 

El 

• 

• 

• 

• 

• 

• 

2 

4* 

14 


Notes : dd is any of the register pairs BC, DE, HL, SP. 

qq is any of the register pairs AF, BC, DE, HL. 

(PAIR)h, (PAIR)l refer to high order and low order eight bits of the register pair respectively, e.g., BCl=C, AFh=A. 
Flags : • =unchanged, 0 = reset, l=set, X = undefined, $ =set or reset according to the result of the operation 
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Table 3 Exchange, block transfer, block search groups 


Mnemonic 

Symbolic 

operation 

OP code 

HEX code 

i Flags 

No. of 
Bytes 

No. of 
M Cycles 

No. of 

T States 

Comments 

76 543 210 

(Basic) 

C 

z 

P/V 

s 

N 

H 

EX DE, HL 

DE «-* HL 

11 101 011 

EB 

• 

• 

• 

• 

• 

• 

1 

1 

4 


EX AF, AF' 

AF AF' 

00 001 000 

08 

• 

• 

• 

• 

• 

• 

1 

1 

4 


EXX 

BC, 

DE 

HL, 

,BC' 

DE' 

1 HL' 

11 011 001 

D9 

• 

• 

• 

• 

• 

• 

1 

1 

4 

Register bank and 
auxiliary register 
bank exchange 

EX (SP), HL 

H (SP+1) 

L — (SP) 

11 100 011 

E3 

• 

• 

• 

• 

• 

• 

1 

5 

19 


EX (SP), IX 

IXh~(SP+1) 
IXl ~ (SP) 

11 011 101 

11 100 011 

DD 

E3 

• 

• 

• 

• 

• 

• 

2 

6 

23 


EX (SP), IY 

IYh~(SP+1) 
IYl «-> (SP) 

11 111 101 

11 100 011 

FD 

E3 

• 

• 

• 

• 

• 

• 

2 

6 , 

23 


LDI 

(DE) - (HL) 
DE «- DE+1 

HL «- HL+1 

BC — BC — 1 

11 101 101 

10 100 000 

ED 

AO 

• 

• 

t 

® 

• 

0 

0 

2 

4 

16 

Load (HL) into (DE), 
increment the poin- 
ters and decrement 
the byte counter (BC) 

LDIR 

(DE) - (HL) 
DE ♦- DE+1 

HL «- HL+1 

BC BC— 1 

11 101 101 

io no ooo 

ED 

B0 

• 

• 

0 

• 

0 

0 

! 

2 

5 

21 

If BC^O 

If BC = 0 end 

2 

4 

16 

If BC = 0 

LDD 

(DE) - (HL) 
DE «- DE— 1 

HL — HL— 1 

BC BC— 1 

11 101 101 

10 101 000 

ED 

A8 

• 

• 

t 

® 

• 

0 

0 

2 

4 

16 


LDDR 

(DE) - (HL) 
DE «- DE— 1 

HL «- HL— 1 

BC «- BC— 1 

11 101 101 

10 111 000 

ED 

B8 

• 

• 

0 

• 

0 

0 

2 

5 

21 

If BC^=0 

If BC = 0 end 

2 

4 

16 

If BC = 0 

CPI 

A- (HL) 

HL HL+1 

BC «- BC— 1 

11 101 101 

10 100 001 

ED 

A1 

• 

t 

® 

t 

® 

t 

1 

t 

2 

4 

16 


CPIR 

A- (HL) 

HL — HL+1 

BC BC— 1 

11 101 101 

10 110 001 

ED 

B1 

• 

t 

<D 

t 

® 

t 

1 

1 

2 

5 

21 

If BC^ 0 and 
A^(HL) 

If A= (HL) or 
BC = 0 end 

2 

4 

16 

If BC = 0 or 

A= (HL) 

CPD 

A- (HL) 

HL HL— 1 

BC +- BC— 1 

11 101 101 

10 101 001 

ED 

A9 

• 

t 

<D 

t 

® 


1 

t 

2 

4 

16 


CPDR 

A- (HL) 

HL «- HL — 1 

BC^BC-1 

11 101 101 

10 111 001 

ED 

B9 

• 

t 

© 

t 

® 

t 

1 

t 

2 

5 

21 

If BC^O and 
A^(HL) 

If A= (HL) or 
BC=0 end 

2 

4 

16 

If BC=0 or 

A= (HL) 


Note: (T)P/V flag is 0 if the result of BC = 0, otherwise P/V = l 
(2)Z flag is 1 if A= (HL), otherwise Z=0 
Flags : • == unchanged 

0 = set, 1 == reset 

1 = set or reset according to the result of the operation 
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Table 4 8-bit arithmetic and logical group 


Mnemonic 

Symbolic 

operation 

OP code 

HEX code 

| Flags 

No. of 
Bytes 

No. of 

M Cycles 

No. of 

T States 

Comments 

76 543 210 

(Basic) 

C 

Z 

P/V 

s 

N 

H 

ADD A, r 

A «- A+r 

10 k r 

80 + 

t 

X 

V 

t 

0 

X 

1 

1 

4 J 

r 

000 

001 

010 

Oil 

100 

101 

111 

Mnemon 

Reg. 

B 

C 

D 

E 

H 

T 

ADD A, n 

A — A+n 

11 k 110 

«- n — ► 

C6 + 

% 

X 

V 

1 

0 

X 

2 

2 

7 

ADD A, (HL) 

A «- A+ (HL) 

10 k 110 

86 + 

X 

X 

V 

} 

0 

t 

1 

2 

7 

ADD A, (IX+d) 

A «- A+ (IX+d) 

11 011 101 

10 k 110 

— d — 

DD 

86 + 

X 

X 

V 

* 

0 

t 

3 

5 

19 

ADD A, (IY+d) 

A A+ (IY+d) 

11 111 101 

10 k 110 

«- d — 

FD 

86 + 

X 

X 

V 

t 

0 

X 

3 

5 

19 

ic 

A 

k 

ADC A, s 

A <- A+s+C 

4 types 
available 

based on 

the above ADD 

instruction 
(see Comments) 


X 

X 

V 

X 

0 

X 




ADD 

ADC 

SUB 

SBC 

AND 

OR 

XOR 

CP 

000 

001 

010 

Oil 

100 

110 

101 

111 

SUB s 

A A— s 

X 

X 

V 

X 

1 

X 

SBC A, s 

A «- A— s-C 

X 

X 

V 

X 

1 

X 


1*1 

2 

1 

3 

\ 

1*1 

2 

2 

5 

j 

4*1 

7 

7 

19 

AND s 

OR s 

A *- A As 

A — AVs 

0 

0 

X 

X 

p 

p 

X 

X 

0 

0 

1 

0 

XOR s 

A — A®s 

0 

X 

p 

X 

0 

0 

CP s 

A— s 

X 

X 

V 

X 

1 

X 




INC r 

r r+1 

00 r i 

00 + 

• 

X 

V 

X 

0 

X 

1 

1 

4 

INC (HL) 

(HL)«-(HL)+1 

00 110 t 

30 + 

• 

X 

V 

X 

0 

X 

1 

3 

11 

S = r, n, (HL), 

(IX + d), (IY + d) 

INC (IX + d) 

(IX + d) — 

(IX + d)+l 

11 011 101 

00 110 i 

+- d — 

DD 

30 + 

• 

X 

V 

X 

0 

X 

3 

6 

23 

INC (IY + d) 

(IY + d) - 
(IY + d)+l 

11 111 101 

00 110 l 

FD 

30 + 

• 

X 

V 

X 

0 

X 

3 

6 

23 

Mnemonic 

INC 

DEC 

i 

100 

101 

DEC m 

m m— 1 

4 types 
available 

based on 

the above INC 
[ instruction 


• 

X 

V 

X 

1 

X 


1^2 

1 

3 

3 


1*2 

3 

6 

6 

i 

_ 

4*2 

11 

23 

23 

m=r, (HL), 

(IX + d), (IY + d) 


Note : V and P mean overflow and parity, respectively. ^1: depends on s. 

Flags: •= unchanged *2: depends on m. 

0 = reset 
l=set 

X = undefined 

$ =set or reset according to the result of the operation 
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Table 5 General purpose arithmetic and CPU control groups 


Mnemonic 

Symbolic 

OP code 

HEX code 

! Flags 

No. of 

No. of 

No. of 

Comments 

operation 

76 

543 

210 

(Basic) 

C 

z 

P/V 

s 

N 

H 

Bytes 

M Cycles 

T States 

DAA 

Decimal 

00 

100 

111 

27 

t 

t 

P 

i 

• 

t 

1 

1 

4 

Decimal adjust 


adjustment 
(add/ subtract) 














accumulator. 

CPL 

A A 

00 

101 

111 

2F 

• 

• 

• 

• 

1 

1 

1 

i 

1 

4 

Complement 
accumulator 
(one’s complement). 

NEG 

A — 0-A 

11 

101 

101 

ED 

t 

t 

V 

t 

1 

( 

2 

2 

8 

Negate acc. 



01 

000 

100 

44 










(two’s complement). 

CCF 

C «-C 

00 

111 

111 

3F 

t 

• 

• 

• 

0 

X 

1 

1 

4 

Complement carry flag. 

SCF 

C «- 1 

00 

110 

111 

37 

1 

• 

• 

• 

0 

0 

1 

1 

4 

Set carry flag. 

NOP 

No operation 

00 

000 

000 

00 

• 

• 

• 

• 

• 

• 

1 

1 

4 


HALT 

CPU halted 

01 

110 

110 

76 

• 

• 

• 

• 

• 

• 

1 

1 

4 


DI 

IFF «- 0 

11 

no 

Oil 

F3 

• 

• 

• 

• 

• 

• 

1 

1 

4 

Interrupt not enable 

El 

IFF <- 1 

11 

111 

Oil 

FB 

• 

• 

• 

• 

• 

• 

1 

1 

4 

Interrupt enable 

IM 0 

Set interrupt 

11 

101 

101 

ED 

• 

• 

• 

• 

• 

• 

2 

2 

8 

Set interrupt mode. 


mode 0 

01 

000 

110 

46 











IM 1 

Set interrupt 

11 

101 

101 

ED 

• 

• 

• 

• 

• 

• 

2 

2 

8 



mode 1 

01 

010 

110 

56 











IM 2 

Set interrupt 

11 

101 

101 

ED 

• 

• 

• 

• 

• 

• 

2 

2 

8 



mode 2 

01 

Oil 

110 

5E 












Note : IFF indicates the interrupt enable flip-flop, CY indicates the carry flip-flop. 

Flags : • = unchanged, 0 = reset, l = set, X= undefined, $ =set or reset according to the result of the operation 


Table 6 16-bit arithmetic group 


Mnemonic 

Symbolic 

operation 

| OP code 

HEX code 

I Flags 

No. of 
Bytes 

No. of 

M Cycles 

No. of 

T States 

Comments 

76 

543 

210 

(Basic) 

C 

z 

P/V 

s 

N 

H 

ADD HL, ss 

HL — HL 

00 

ssl 

001 

09 + 

t 

• 

• 

• 

0 

X 

1 

3 

11 




+ss 














ss 

Reg. 

ADC HL, ss 

HL «- HL 

11 

101 

101 

ED 

i 

t 

V 

t 

0 

X 

2 

4 

15 

00 

BC 


+ ss+C 

01 

ssl 

010 

4A+ 










01 

DE 

SBC HL, ss 

HL — HL 

11 

101 

101 

ED 

t 

t 

V 

t 

1 

X 

2 

4 

15 

10 

HL 


— ss— C 

01 

ssO 

010 

42 + 










11 

SP 

ADD IX, pp 

IX IX + pp 

11 

Oil 

101 

DD 

t 

• 

• 

• 

0 

X 

2 

4 

15 





o 

o 

ppl 

001 

09 + 










PP 


ADD IY, rr 

IY «- IY + rr 

11 

111 

101 






0 






FD 

t 

• 

• 

• 

X 

2 

4 , 

15 

00 

BC 



00 

rrl 

001 

09 + 









' 

01 

DE 
















INC ss 

SS SS-+ 1 

00 

ssO 

Oil 

03 + 

• 

• 


• 

• 

• 

1 

1 

6 

10 

IX 

INC IX 

IX IX+1 

11 

Oil 

101 

DD 

• 

• 


• 

• 

• 

2 

2 

10 

11 

SP 



o 

o 

100 

Oil 

23 












INC IY 

IY «- IY+1 

11 

111 

101 

FD 

• 

• 


• 

• 

■ 

• 

2 

2 

10 





00 

100 

Oil 

23 










rr 

Reg. 

DEC ss 

SS SS— 1 

00 

ssl 

Oil 

0B + 

• 

• 

• 

• 

• 

• 

1 

1 

6 

00 

BC 

DEC IX 

IX IX-1 

11 

Oil 

101 

DD 

• 

• 

• 

• 

• 

• 

2 

2 

10 

01 

DE 



o 

o 

101 

Oil 

2B 










10 

IY 

DEC IY 

T 

7 

£ 

11 

111 

101 

FD 

• 

• 

• 

• 

• 

• 

2 

2 

10 

11 

SP 


i i 

00 

101 

Oil 

2B 













Note : ss is any of the register pairs BC, DE, HL, SP. 
pp is any of the register pairs BC, DE, IX, SP. 
rr is any of the register pairs BC, DE, IY, SP. 

Flags : •= unchanged, 0 = reset, l=set, X = undefinede, t =set or reset according to the result of the operation 
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Table 7 Rotate and shift groups 



Flags : • = unchanged 

0 = reset 
l=set 

X = undefined 

1 =set or reset according to the result of the operation 
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Table 8 Bit set, reset and test group 


Mnemonic 

Symbolic 

operation 

OP code 

HEX code 

1 Flags 

No. of 
Bytes 

No. of 

M Cycles 

No. of 

T States 

Comments 

76 543 210 

(Basic) 

C 

Z 

P/V 

s 

N 

H 

BIT b, r 

Z Fb 

11 001 011 

01 b r 

CB 

40 + 

• 

t 

X 

X 

0 

1 

2 

2 

8 

r 

000 

001 

010 

Oil 

100 

101 

111 

b 

000 

001 

010 

Oil 

100 

101 

110 

111 

Reg. 

B 

C 

D 

E 

H 

L 

A 

Bit Tested 

0 

1 

2 

3 

4 

5 

6 

7 

BIT b, (HL) 

Z «- (HL)b 

11 001 011 

01 b 110 

CB 

46 + 

• 

t 

X 

X 

0 

1 

2 

3 

12 

BIT b, (IX +d) 

Z «- (IX+d) b 

11 011 101 

11 001 011 

— d — 

01 b 110 

DD 

CB 

46 + 

• 

t 

X 

X 

0 

1 

4 

5 

20 

BIT b, (IY+d) 

Z — (IYH-d)b 

11 111 101 

11 001 011 

d — 

01 b 110 

FD 

CB 

46 + 

• 

t 

X 

X 

0 

1 

4 

5 

20 

SET b, r 

rb 1 

11 001 011 

a b r 

CB 

• 

• 

• 

• 

• 

• 

2 

2 

8 

SET b, (HL) 

(HL)b <- 1 

11 001 011 

a b 110 

CB 

06 + 

• 

• 

• 

• 

• 

• 

2 

4 

15 

SET b, (IX +d) 

(IX + d) b 1 

11 011 101 

11 001 011 

«- d — 

a b 110 

DD 

CB 

06 + 

• 

• 

• 

• 

• 

• 

4 

6 

23 

SET b, (IY+d) 

(IY + d) b «- 1 

11 111 101 

11 001 011 

«- d — 

a b 110 

FD 

CB 

06 + 

• 

• 

• 

• 

• 

• 

4 

6 

23 

Mnemonic 

SET 

RES 

a 

11 

10 

RES b, m 

mb 0 









2* 

2 

4 

4 

2* 

4 

6 

6 

8* 

15 

23 

23 

m = r, (HL), 

(IX + d), (IY + d) 

* depends on m 


Note : The notation mb indicates bit b (0 to 7) or location m. 
Flags: •= unchanged 
0 = reset 
l=set 

X= undefined 

t —set or reset according to the result of the operation 
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Table 9 Jump group 


Mnemonic 

Symbolic 

operation 

OP code 

HEX code 

Flags 

No. of 
Bytes 

No. of 
M Cycles 

No. of 

T States 

Comments 

76 543 210 

(Basic) 

C 

Z 

P/V 

S 

N 

H 

JP nn 

PC nn 

11 000 011 

— n — ► 

— n — ► 

C3 

• 

• 

• 

• 

• 

• 

3 

3 

10 

cc 

Condition 

000 

001 

010 

Oil 

100 

101 

110 

111 

NZ : non 

NZ 

Z 

NC 

C 

PO 

PE 

P 

M 

-zero 

JP cc, nn 

If condition cc 
is true PC *- nn, 
otherwise con- 
tinue 

11 cc 010 

— n — ► 

— n -► 

C2 + 

• 

• 

• 

i 

• 

• 

• 

3 

3 

10 

3 

3 

10 

JR e 

PC «- PC + e 

00 011 000 

- e-2 - 

18 

• 

• 

• 

• 

• 

• 

2 

3 

12 

JR C, e 

If C=1 

PC — PC + e 

00 111 000 

- e-2 - 

38 

• 

• 

• 

• 

i 

• 

• 

2 

3 

12 

If C=0 

continue 

2 

2 

7 

Z : zero 

C : carry 

PO : parity odd 

PE : parity even 

P : sign positive 

M : sign negative 

JR NC, e 

If C=0 

PC «- PC+e 

00 110 000 

- e-2 - 

30 

• 

• 

• 

• 

• 

• 

2 

3 

12 

If C=1 

continue 

2 

2 

7 

JR Z, e 

If Z= 1 

PC PC + e 

00 101 000 

- e-2' - 

28 

• 

• 

• 

• 

i 

• 

• 

2 

3 

12 

If Z = 0 

continue 

2 

2 

7 

JR NZ, e 

IfZ = 0 

PC PC + e 

00 100 000 

- e-2 - 

20 

• 

• 

• 

•j 

• 

• 

2 

3 

12 

If Z = 1 

continue 

2 

2 

7 

JP (HL) 

PC HL 

11 101 001 

E9 

• 

• 

• 

• 

• 

• 

1 

1 

4 

JP (IX) 

PC — IX 

11 011 101 

11 101 001 

DD 

E9 

• 

i 

• 

• 

• 

• 

• 

2 

2 

8 

JP (IY) 

PC — IY 

11 111 101 

11 101 001 

FD 

E9 

• 

• 

• 

• 

• 

• 

2 

2 

8 

DJNZ, e 

i 

If B — B-l 
B^O 

PC — PC+1 

00 010 000 

- e-2 - 

10 

• 

• 

• 

• 

• 

• 

2 

- 3 

13 

If B=0 

continue 

2 

2 

8 


Note : e represents the extension in the relative addressing mode. 

e is a signed two’s complement number in the range <C~ 126, 129^> 

e — 2 in the opcode provides an effective address of pc + e as PC is incremented by 2 prior to the addition of e. 
e itself is obtained from opcode position. 

Flags : •= unchanged 
0 = reset 
l=set 

X= undefined 

t =set or reset according to the result of the operation , 
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Table 10 Call and return group 


Mnemonic 

Symbolic 

operation 

OP code 

HEX code 

Flags 

No. of 
Bytes 

No. of 

M Cycles 

No. of 

T States 

Comments 

76 543 210 

(Basic) 

C 

z 

P/V 

s 

N 

H 

CALL nn 

(SP— 1) «- PCh 
(SP— 2) «- PCl 
PC nn 

11 001 101 

n -► 

n — ► 

CD 

• 

• 

• 

• 

• 

• 

i 

3 

5 

. 17 

cc 

000 

001 

010 

Oil 

100 

101 

110 

111 

r 

000 

001 

010 

Oil 

100 

101 

110 

111 

% 

Condition 

NZ 

Z 

NC 

C 

PO 

PE 

P 

M 

P 

00h 

08h 

10h 

18h 

2 Oh 

28h 

30h 

38h 

CALL cc, nn 

If condition cc is 
false continue, 

otherwise same 

as CALL nn 

11 cc 100 

n — ► 

n — ► 

C4 + 

• 

• 

• 

• 

• 

• 

3 

5 

17 

3 

3 

10 

RET 

PCl <- (SP) 
PCh «- (SP+1) 

11 001 001 

C9 

• 

• 

• 

• 

• 

• 

1 

3 

10 

RET cc 

If condition cc is 

false continue, 
otherwise same 

as RET 

11 cc 000 

C0 + 

• 

• 

• 

• 

1 

• 

• 

1 

3 

11 

1 

1 

5 

RETI 

Return from 
interrupt 

11 101 101 

01 001 101 

ED 

4D 

• 

• 

• 

• 

• 

• 

2 

4 

14 

RETN 

Return from 

non-maskable 

interrupt 

11 101 101 

01 000 101 

ED 

45 - 

• 

• 

• 

• 

• 

• 

2 

4 

14 

RST p 

(SP — 1) «- PCh 
(SP-2) — PCl 
PCh - 0 

PCl p 

11 t 111 

C7 + 

• 

• 

• 

• 

• 

• 

1 

3 

11 


Flags : •= unchanged 
0 = reset 
l=set 

X = undefined 

t —set or reset according to the result of the operation 
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Table 11 Input and output group 


Mnemonic 

Symbolic 

operation 

OP code 

HEX code 

I Flags 

No. of 
Bytes 

No. of 
M Cycles 

No. of 

T States 

Comments 

76 543 210 

(Basic) 

C 

z 

P/V 

s 

N 

H 

IN A, (n) 

A-(n) 

11 011 Oil 

n — ► 

DB 

• 

• 

• 

• 

• 

• 

2 

3 

11 

n —► Ao~A7 

ACC — ► A8~Al5 

IN r, (C) 

r -(C) 

11 101 101 

01 r 000 

ED 

40 + 

• 

t 

p 

t 

0 

t 

2 

3 

12 

C Ao~Ai 

B ~ ► As Al5 

INI 

(HL) - (C) 

B «- B— 1 

HL HLH-1 

11 101 101 

10 100 010 

ED 

A2 

X 

t 

® 

X 

X 

1 

X 

2 

4 

16 

INIR 

(HL) - (C)' 

B «- B-l 

HL — HL+1 
Repeat until 
B=0 

11 101 101 

10 110 010 

ED 

B2 

X 

1 

© 

X 

X 

1 

X 

2 

2 

5 

(IfB^O) 

4 

(If B=0) 

21 

16 

r 

000 

001 

010 

Oil 

100 

101 

111 

Reg. 

B 

C 

D 

E 

H 

L 

A 

IND 

(HL) - (C) 

B «- B-l 

HL <*- HL— 1 

11 101 101 

10 101 010 

ED 

AA 

X 

t 

® 

X 

X 

1 

X 

2 

4 

16 

INDR 

(HL) - (C) 

B «- B-l 

HL «- HL— 1 
Repeat until 

B = 0 

11 101 101 

10 111 010 

ED 

BA 

X 

1 

© 

X 

X 

1 

X 

2 

2 

5 

(IfB^O) 

4 

(If B=0) 

21 

16 

OUT (n), A 

(n) — A 

11 010 011 

n — ► 

D3 

• 

• 

• 

• 

• 

• 

2 

3 

11 

n — ► (A-BUS)o~7 

Ace — ► (A-BUS)8~15 

OUT (C), r 

(C) — r 

11 101 101 

01 r 001 

ED 

41 + 

• 

• 

• 

• 

• 

• 

2 

3 

12 

C Ao~A7 

B — ► A8~Al5 

OUTI 

(C) - (HL) 

B «- B-l 

HL — HL+1 

11 101 101 

10 100 011 

ED 

A3 

X 

t 

® 

X 

X 

1 

X 

2 

4 

16 

OTIR 

(C) - (HL) 

B «- B- 1 

HL — HL+1 

Repeat until 
B=0 

11 101 101 

io no oil 

ED 

B3 

X 

1 

© 

X 

X 

1 

X 

2 

2 

5 

(IfB^O) 

4 

(If B=0) 

21 

16 

OUTD 

(C)-(HL) 

B +- B— 1 
| HL «- HL— 1 

11 101 101 

10 101 011 

ED 

AB 

X 

t 

® 

X 

X 

1 

X 

2 

4 

16 

OTDR 

(C) - (HL) 

B — B-l 

HL «- HL— 1 
Repeat until 

B = 0 

11 101 101 

10 111 Oil 

ED 

BB 

X 

1 

© 

X 

X 

1 

X 

2 

2 

5 

(IfBft) 

4 

(If B=0) 

21 

16 


Note : (T)If the result of B— 1 is zero the Z flag is set, otherwise it is reset. 

d)Z flag is set upon instruction completion only. 

Flags : • = unchanged 
0 = reset 
l=set 

X = undefined 

t =set or reset according to the result of the operation 
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LH0081/LH0081A/LH0081B 

Z80/Z80A/Z80B Parallel Input/Output Controller 


■ Description 

The Z80 product line is a complete set of micro- 
computer components, development systems and 
support software. The Z80 microcomputer com- 
ponent set includes all of the circuits necessary to 
build high-performance microcomputer systems 
with virtually no other logic and a minimum num- 
ber of low cost standard memory elements. 

The LH0081 Z80 PIO (Z80 PIO for short below) 
is a programmable two port device which provides 
TTL compatible interfacing between peripheral de- 
vices and the Z80 CPU. The Z80 CPU configures 
Z80 PIO to interface with standard peripheral de- 
vices such as tape punchers, printers, keyboards, 
etc. 

The LH0081A Z80A and LH0081B Z80B PIO 
are the high speed version which can opeate at the 
4MHz and 6MHz system clock, respectively. 


■ Features 

1. Two independent 8-bit bidirectional peripheral 
interface ports with “handshake” data transfer 
control 

2. N-channel silicon-gate process 

3. Any one of the following four modes of opera- 
tion may be selected. 

• Byte output mode 

• Byte input mode 

• Byte bidirectional bus (available on Port A 
only) 

• Bit mode 

4. Programmable interrupt 

5. Vectored daisy chain priority interrupt logic 
included 

6. The port B outputs can drive Darlington tran- 
sistors 

7. All inputs and outputs fully TTL compatible 

8. Single + 5V power supply and single phase 
clock 

9. 40-pin dual-in-line package 


■ Pin Connections 



/ 


D 2 [T 

0 

H d 3 

d 7 [t 

H d 4 

D 6 [T 


11 d 5 

CE|T 


HmT 

C/D SEL | 5 


H IORQ 

B/A SEL(T 


m rd 

A 7(T 


11 b 7 

Ae \J 


Hb 6 

A sU 


1b 5 

a 4 Qo 


1b 4 

GND[n 


1b 3 

a 3 Q 2 


1b 2 

A 2 \n 


UBi 

Ai [h 


DBo 

Ao (T5 


26 ) + 5 V 

A - STB Q 6 


25) CLOCK 

B STB £F7 


H IEI 

A RDY Q? 


Dint 

Do [l9 


Dieo 

Di [20 

v J 

lB RDY 

Top View 
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■ Pin Description 


Pin 

Meaning 

I/O 

Function 

Do''~'D 7 

Data bus 

Bidirectional 

3 -state 

System data bus. 

B/A SEL 

Port B or A select 

I 

Defines which port is accessed. A high selects port B, 
and a low port A. 

C/D SEL 

Control or data select 

I 

Defines the type of data transfer on the data bus. A high 
selects control, and a low data. 

CE 

Chip enable 

I 

Active “Low”. A low enables the CPU to transmit and 

receive control words and data. 

CLOCK 

System clock 

I 

Standard Z80 system clock used for internal synchro- 
nization signals. 

Ml 

Machine cycle one 

I 

Active “Low”. Indicates that the CPU is acknowledging 
an interrupt, when both Ml and IORQ are active. 

IORQ 

Input/output 

request 

I 

Active “Low”. Read operation when RD is active, and 
write operation when it is not active. Indicates that the 
CPU is acknowledging an interrupt, when both IORQ 
and Ml are active. 

RD 

Read cycle status 

I 

Active “Low”. Read operation when active. 

IEI 

Interrupt enable in 

I 

Active “High”. Forms a priority-interrupt daisy-chain. 

IEO 

Interrupt enable out 

0 

Active “High”. Forms a priority-interrupt daisy-chain. 

Int 

Interrupt request 

Open drain, 0 

Active “Low”. Active when requesting an interrupt. 

Ao~A 7 

Port A bus 

Bidirectional 

3 -state 

Transfers information between port A and a peripheral 
device. 

A STB 

Port A strobe 

I 

Active “Low”. Used as a handshake line for data trans- 
fer synchronization on port A. Not used in the bit con- 
trol mode. 

A RDY 

Port A ready 

0 

Active “High”. Used as a handshake line for data trans- 
fer synchronization on port A. Not used in the bit con- 
trol mode. 

Bo B 7 

Port B bus 

Bidirectional 

3 -state 

Transfers information between port B and a peripheral 
device. 

B STB 

Port B strobe 

I 

Active “Low”. Used as a handshake line for data trans- 
fer synchronization on port B. Not used in the bit con- 
trol mode. 

B RDY 

Port B ready 

0 

Active “High”. Used as a handshake line for data trans- 
fer synchronization on port B. Not used in the bit con- 
trol mode. 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Input voltage 

Vin 

— 0.3 — VI 

V 

Output voltage 

V OUT 

— 0.3- + 7 

V 

Operating temperature 

T 

x opr 

0 — K70 

°c 

Storage temperature 



— 65 — h 150 

°c 
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■ DC Characteristics (v C c=5V±5%, Ta=o~+70”C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Clock input low voltage 

V ILC 


-0.3 


0.45 

V 

Clock input high voltage 

V,HC 


Vcc-0.6 


Vcc+0.3 

V 

Input low voltage 

V,L 


-0.3 


0.8 

V 

Input high voltage 

V,H 


2.0 


5.5 

V 

Output low voltage 

V OL 

IoL = 2mA 



0.4 

V 

Output high voltage 

VoH 

I O h=-250 fik 

2.4 



V 

Supply current 

Icc 

V oh = 1.5V 



100 

mA 

Input leakage current 

1 Ili 1 

0=fiV IN =SV C c 



10 

M 

3 state output/data 
bus input leakage current 

IU 

0^V IN ^V C c 



10 

M 

Darlington drive current 

Iqhd 

Rext = 390 Cl 

-1.5 



mA 


■ Capacitance . (f=iMHz,Ta=25t)) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Clock capacitance 

Cclock 

Unmeasured pins returned 
to ground 



12 

pF 

Input capacitance 

Cin 



7 

pF 

Output capacitance 

Q)UT 



10 

pF 


■ AC Characteristics (V C c=5V±5%,Ta=0~+70”C) 


No. 

Parameter 

Symbol 

Z80 PIO i 

Z80A PIO | 

Z80B PIO (Note 9) | 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

1 

Clock cycle time 

TcC 

400 

(Note 1) 

250 

(Note 1) 

165 

(Note 1) 

ns 


2 

Clock width (high) 

TwCh 

170 

2000 

105 

2000 

65 

2000 

ns 


3 

Clock width (low) 

TwCl 

170 

2000 

105 

2000 

65 

2000 

ns 


4 

Clock fall time 

TfC 


30 


30 


20 

ns 


5 

Clock rise time 

TrC 


30 


30 


20 

ns 


6 

CE, B/A, C/D to RD, IORO i 
setup time 

TsCS (RI) 

50 


50 


50 


ns 

6 

7 

Any hold times for specified 
setup time 

Th 

0 


0 


0 


ns 


8 

RD, IORQ to clock t setup time 

TsRI (C) 

115 


115 


70 


ns 


9 

RD, IORQ i to data out delay 

TdRI (DO) 


430 


380 


300 

ns 

2 

10 

RD, IORQ t to data out 
float delay 

TdRI (DOs) 


160 


110 


70 

ns 


11 

Data in to clock t setup time 

TsDI (C) 

50 


50 


40 


ns 

Cl=50 P F 

12 

IORQ i to vector out delay 
(INTACK cycle) 

TdIO (DOI) 

340 


160 


120 


ns 

3 

13 

Ml i to clock t setup time 

TsMl (Cr) 

210 


90 


70 


ns 


14 

Ml t to clock i setup time 
(Ml cycle) 

TsMl (Cf) 

0 

! 

0 


0 


ns 

8 

15 

Ml i to IEO 1 delay (interrupt 
immediately preceding Ml i ) 

TdMl (IEO) 

- 

300 


190 


100 

ns 

5, 7 

16 

IEI to IORQ i setup time 
(INTACK cycle) 

TsIEI (IO) 

140 


140 


100 


ns 

7 

17 

IEI i to IEO 1 delay 

TdlEI (IEOf) 


190 


130 


120 

ns 

5 

Cj.=50pF 

18 

IEI t to IEO t delay 
(After ED decode) 

TdlEI (IEOr) 


210 


160 


160 

ns 

5 
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No. 

Parameter 

Symbol 

Z80 PIO 

| Z80A PIO 

I Z80B PIO (Note 9) 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

19 

IORQ t to clock | setup time 
(to activate READY on next 
clock cycle) 

TcIO (C) 

220 


200 


170 


ns 


20 

Clock i to READY t delay 

TdC (RDYr) 

200 


190 


170 


ns 

5 

Cl=50 P F 

21 

Clock i to READY i delay 

TdC (RDYf) 

150 


140 


120 


ns 

5 

22 

STROBE pulse width 

TwSTB 

150 


150 


120 


ns 

4 

23 

STROBE t to clock i setup 
time (to activate READY on 
next clock cycle) 

TsSTB (C) 

220 


220 


150 


ns 

5 

24 

IORQ t to PORT DATA stable 
delay (Mode 0) 

TdIO (PD) 


200 


180 


160 

ns 

5 

25 

PORT DATA to STROBE t 
setup time (mode 1) 

TsPD (STB) 

260 


230 


190 


ns 


26 

STROBE l to PORT DATA 
stable (mode 2) 

TdSTB (PD) 


230 


210 


180 

ns 

5 

27 

STROBE t to PORT DATA 
float delay (mode 2) 

TdSTB (PDr) 


200 


180 


160 

ns 

C L =50pF 

28 

PORT DATA match to INT l 
delay (mode 3) 

TdPD (INT) 


540 


490 


430 

ns 


29 

STROBE t to INT i delay 

TdSTB (INT) 


490 


440 


350 

ns 



t Rising edge, i Falling edge 
Note 1: TcC = TwCh + TwCl + TrC + TfC. 

Note 2: Increase TdRI (DO) by 10 ns for each 50 pF increase in load up to 200 pF max. 

Note 3: Increase TdIO (DOI) by 10 ns for each 50 pF, increase in load up to 200 pF max. 

Note 4: For Mode 2 : TwSTB>TsPD (STB). 

Note 5: Increase these values by 2 ns for each 10 pF increase in load up to 100 pF max. 

Note 6: TsCS (RI) may be reduced. However, the time subtracted from TsCS (RI) will be added to TdRI (DO). 
Note 7: 2d5 TcC>(N-2) TdlEI (IEOf) + TdMl (IEO)+TsIEI (IO)+TTL buffer delay, if any. 

Note 8: Ml must be active for a minimum of two clock cycles to reset the PIO. 

Note 9: Z80B PIO numbers are preliminary and subject to change. 
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■ Programming 

(1 ) Interrupt vector read 

An interrupting device needs giving an 8~bit in- 
terrupt vector to the CPU. Using this vector, the 
CPU forms an interrupt service routine address. 

D7 D 6 D5 D4 D3 D2 Di Do 
V 7 V 6 V 5 V 4 V 3 V 2 JVi^O 

Indicates an interrupt vector 

(2) Operation mode select 

An operation mode is selected by writing data to 
the 2-bit mode control register in the following 
manner. 

D7 D 6 D5 D4 D3 D2 Di Do 



Mode Words Indicates 

Mode Words 


X means they are not used 


Mode 

Ml 

MO 

Byte output mode 

0 

0 

Byte input mode 

0 

1 

Bidirectional byte bus mode 

1 

0 

Bit control mode 

1 

1 


In selecting the bit control mode, an input/output 
direction should be set later. 


d 7 

d 6 

D5 D4 

D3 D2 Di 

Do 

I/o 7 

I/0 6 

1/05 i/o 4 

6 

6 

0 

I/Oo 


1/0 = 

1: Input; I/O 

= 0: Output 



(3) Interrupt control 

The interrupt control words are as follows. 



Effective in bit Indicates that the information 
control mode is interrupt control words 


Bit7 = 1 : Interrupt enable flag is set to en- 
able an interrupt. 

Bit7 — 0: Interrupt enable flag is reset to dis- 
able an interrupt. 

Bit6~4: Defines interrupt conditions in the 
bit mode. Ignored in other modes. 

Bit3~0: Indicates interrupt control words. 

If bit4 = 1 , the following control words are sup- 



Only the port data line with MB^O is monitored. 
When the interrupt conditions are satisfied, an in- 
terrupt takes place. 



Not affected by Interrupt control words 
these bits 


■ Timing 

(1) Output mode (Mode 0) 

An output cycle is always started by the execu- 
tion of an output instruction by the CPU. The WR* 
pulse from the CPU latches the data from the CPU 
data bus into the selected port’s output register. 
The WR* pulse sets the Ready flag after a Low- 
going edge of CLK, indicating data is available. 


Ready stays active until the positive edge of the 
strobe line is received, indication that data was 
taken by the peripheral. The positive edge of the 
strobe pulse generates an INT if the interrupt en- 
able flipflop has been set and if this device has the 
highest priority. 
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WR* = RD-CE-C/D-IORQ 


(2) Input mode (Mode 1) 

When STROBE goes Low, data is loaded into the 
selected port inp ut re gister. The next rising edge of 
strobe activates INT, if Interrupt Enable is set and 
this is the highest-priority requesting device. The 
following falling edge of CLK resets Ready to an in- 
active state, indicating that the input register is full 


and cannot accept any more data until the CPU 
completes a read. When a read is complete, the 
positive edge of RD sets Ready at the next Low- 
going transition of CLK. At this time new data can 
be loaded into the PIO. 



(3) Bidirectional mode (Mode 2) 

This is a combination of Modes 0 and 1 using all 
four handshake lines and the eight Port A I/O 
lines. Port B must be set to the bit mode and its 
inputs must be masked. The Port A handshake 
lines are used for output control and the Port B 
lines are used for input control. If interrupts occur, 


Port A's vector will be used during port output and 
Port B's will be used during port input. Data is 
allowed out onto the Port A bus only when ASTB 
is Low. The rising edge of this strobe can be used 
to latch the data into the peripheral. 
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(4) Bit mode (Mode 3) 

The bit mode does not utilize the handshake sig- 
nals, and a normal port write or port read can be 
executed at any time. When writing , the data is 
latched into the output registers with the same tim- 
ing as the output mode. 

When reading the PIO, the data returned to the 
CPU is composed of output register data from those 
port data lines assigned as outputs and input regis- 


ter data from those port data lines assigned as in- 
puts. The input register contains data that was pre- 
sent immediately prior to the falling edge of RD. An 
interrupt is generated if interrupts from the port 
are enabled and the data on the port data lines 
satisfy the logical equation defined by the 8-bit 
mask and 2 -bit mask control registers. However, if 
Port A is programmed in bidirectional mode, Port B 
does not issue an interrupt in bit mode and must 
therefore be polled. 
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/ f IF I II / i / I i / / / / / 


(5) Interrupt acknowledge timing 

During Ml time, peripheral controllers are inhi- 
bited from changing their interrupt enable status, 
permitting the Interrupt Enable signal to ripple 
through the daisy chain. T he periph eral with IEI 
High and IEO Low during INTACK places a pre- 


(6) Return from interrupt cycle 

If a Z-80 peripheral has no interrupt pending 
and is not under service, then its IEO=IEI. If it has 
an interrupt under service (i.e., it has already inter- 
rupted and received an interrupt acknowledge) 
then its IEO is always Low, inhibiting lower prior- 
ity devices from interrupting. If it has an interrupt 
pending which has not yet been acknowledged, IEO 
is Low unless an “ED” is decoded as the first byte 
of a 2 -byte opcode. In this case, IEO goes High un- 
til the next opcode byte is decoded, whereupon it 


programmed 8 -bit interrupt vector on the data bus 
at this time. IEO is held Low until a Return From 
Interrupt (RETI) instruction is executed by the 
CPU while IEI is High. The 2-byte RETI instruc- 
tion is decoded internally by the PIO for this pur- 
pose. 


goes Low again. If the second byte of the opcode 
was a “4D”, then the opcode was an RETI instruc- 
tion. 

After an “ED” opcode is decoded, only the 
peripheral device which has interrupted and is cur- 
rently under service has its IEI High and its IEO 
Low. This device is the highest-priority device in the 
daisy chain that has received an interrupt acknow- 
ledge. All other peripherals have IEI = IEO. If the 
next opcode byte decoded is “4D”. this peripheral de- 
vice resets its “interrupt under service” condition. 
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LH0082/LH0082A/LH0082B 

Z80/Z80A/Z80B Counter Timer Circuit 


■ Description 

The Z80 product line is a complete set of micro- 
computer components, development systems and 
support software. The Z80 microcomputer com- 
ponent set includes all of the circuits necessary to 
build high-performance microcomputer systems 
with virtually no other logic and a minimum num- 
ber of low cost standard memory elements. 

The LH0082 Z80 CTC (Z80 CTC for short be- 
low) is a programmable, four channel device that 
provides counting and timing functions for the Z80 
CPU. The Z80 CPU configures the Z80 CTC’s four 
independent channels to operate under various 
modes and conditions as required. 

The LH0082A Z80A and LH0082B Z80B CTC 
are the high speed version which can operate at the 
4MHz and 6MHz system clock, respectively. 


■ Pin Connections 



\ 


d 4 [I 

0 

Ud 3 

DsE 

M d 3 

Dell 


Id, 

D 7 |T 


ID Do 

GND QE 


24] + 5V 

rdH 


UCLK/TRGo 

ZC/TOo [I 


HCLK/TRGi 

zc/to! QE 


DCLK/TRG 2 

zc/to 2 GE 


20 ] CLK/TRG 3 

IORQllO 


H)csi 

ieo m 


ICSo 

INT H 


T7] RESET 

IEI E 


m ce 

MlE 


T| CLOCK 


V J 

Top View 


■ Features 

1. Four independent programmable 8-bit coun- 
ter/16-bit timer channels 

2. N-channel silicon gate process 

3. Each channel may be selected to operate in 
either a counter mode or timer mode 

4. Programmable interrupts on counter or timer 
states 

5. When the down-counter reaches the zero count 
the CTC reloads its time constant automatically 
and continues it’s channel operation 

6. Readable down counter 

7. Selectable 16 or 256 clock prescaier for each 
timer channels 

8. Selectable positive or negative trigger may in- 
itiate timer or counter operation 

9. Three channels have ZC/TO outputs capable of 
driving Darlington transistors 

10. Vectored daisy chain priority interrupt logic 
included 

11. Single -F5V power supply and single phase 
clock 

12. All inputs and outputs fully TTL compatible 

13. 28-pin dual-in-line package 
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■ Block Diagram 



■ Pin Description 


Pin 

Meaning 

I/O 

Function 

Do'-'Dy 

Data bus 

Bidirectional 

3 -state 

System data bus. 

cs 0 , CS X 

Channel select 

I 

Selects one of the four independent channels. 

CE 

Chip enable 

I 

Active “Low”. A Low enables the CPU to transmit and 

receive control words and data. 

CLOCK 

System clock 

I 

Standard Z80 system clock used for internal synchro- 
nization signals. 

Ml 

Machine cycle one 

I 

Active “Low”. Indicates that the CPU is acknowledging 
an interrupt, when both Ml and IORQ are active. 

IORQ 

I/O request 

I 

Active “Low”. Read operation when RD is active, and 
write operation when it is not active. Indicates the CPU 
is acknowledging an interrupt, when both IORQ and Ml 
are active. 

RD 

Read cycle status 

I 

Active “Low”. Read operation when active. 
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Pin 

Meaning 

I/O 

Function 

IEI 

Interrupt enable in 

I 

Active “High”. Forms a priority-interrupt daisy-chain. 

IEO 

Interrupt enable out 

0 

Active “High”. Forms a priority-interrupt daisy-chain. 

INT 

Interrupt request 

Open drain, 0 

Active “Low”. Active when requesting an interrupt. 

RESET 

Reset 

I 

Active “Low”. Resets the interrupt bits. 

CLK/TRGo~ 

CLK/TRG 3 

External clock/timer 
trigger input 

I 

Counter/timer input for four independent channels. 

ZC/TOo~ 

ZC/TO 2 

External clock/timer 
trigger out 

0 

Active “High”. 0/1/2 output for four independent chan- 
nels. No output terminal at channel 3. 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Input voltage 

V IN 

-0.3- + 7 

V 

Output voltage 

VoUT 

— 0.3— + 7 

V 

Operating temperature 

Toor 

0 — H70 

°C 

Storage temperature 

T s t<t 

— 65 — h 150 

°C 


■ DC Characteristics (V cc =5v+5%,Ta=o~+70'C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Clock input low voltage 

ViLC 


-0.3 


0.45 

V 

Clock input high voltage 

VlHC 


< 

0 

0 

1 

0 


Vcc + 0.3 

V 

Input low voltage 

V.L 


-0.3 


0.8 

V 

Input high voltage 

V IH 


2.0 


Vcc 

V 

Output low voltage 

VoL 

I 0 L = 2mA 



0.4 

V 

Output high voltage 

VoH 

I oh =-250M 

2.4 



V 

Supply current 

Icc 

tc = 400ns 



120 

mA 

Input leakage current 

Ili 

0^Vi N ^Vcc 



10 

M 

3-state output leakage current 

1 Iloh 1 

2.4V^V OUT ^Vcc 



10 

f* A 

3 -state output leakage current 

1 Ilol 1 

Vout — 0.4V 



10 

r A 

Darlington drive current 

loHD 

V 0 h = 1-5V, R EXT =390n 

-1.5 



mA 

■ Capacitance 




(f= 

= 1MHz, Ta=25t) 

Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Clock capacitance 

Cclock 

Unmeasured pins returned 
to ground 



20 

pF 

Input capacitance 

Qn 



5 

pF 

Output capacitance 

CoUT 



10 

PF 
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■ AC Characteristics (v cc =5v±5%,Ta=o~+70t) 


No. 

Symbol 

Parameter 

| Z80 CTC 

| Z80A CTC 

| Z80B CTC 

Unit 

Note* 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

1 

TcC 

Clock cycle time 

400 

(Note 1) 

250 

(Note 1) 

165 

(Note 1) 

ns 


2 

TwCh 

Clock width (high) 

170 

2000 

105 

2000 

65 

2000 

ns 


3 

TwCl 

Clock width (low) 

170 

2000 

105 

2000 

65 

'2000 

ns 


4 

TfC 

Clock fair time 


30 


30 


20 

ns 


5 

TrC 

Clock rise time 


30 


30 


20 

ns 


6 

Th 

All hold times 

0 


0 


0 


ns 


7 

< TsCS (C) 

CS to clock t setup time 

250 


160 


100 


ns 


8 

TsCE (C) 

CE to clock T setup time 

200 


150 


100 


ns 


9 

TsIO (C) 

IORQ t to clock t setup time 

250 


115 


70 


ns 


10 

TsRD (C) 

RD 1 to clock t setup time 

240 


115 


70 


ns 


11 

TdC (DO) 

Clock t to data out delay 


240 


200 


130 

ns 

2 

12 

TdC (DOz) 

Clock i to data out float delay 


230 


110 


90 

ns 


13 

TsDI (C) 

Data in to clock t setup time 

60 


50 


40 


ns 


14 

TsMl (C) 

Ml to clock t setup time 

210 


90 


70 


ns 


15 

TdMI (IEO) 

Ml i to IEO i delay (interrupt 
immediately preceding Ml) 


300 


190 


130 

ns 

3 

16 

TdIO (DOI) 

IORQ 1 to data out delay 
(INTA cycle) 


340 


160 


110 

ns 

2 

17 

TdlEI (IEOf) 

IEI i to IEO l delay 


190 


130 


100 

ns 

3 

18 

TdlEI (IEOr) 

IEI t to IEO t delay 
(after ED decode) 


220 


160 


110 

ns 

3 

19 

TdC (INT) 

Clock t to INT i delay 


TcC +200 


TcC+140 


TcC+120 

ns 

4 

20 

TdCLK(INT) 

CLK/TRG t to INT i delay 
tsCTR (C) satisfied 


TcC+230 


TcC+160 


TcC+130 

ns 

5 

CLK/TRG t to INT i delay 
tsCTR (C) not satisfied 


2TcC+530 


2TcC+370 


2TcC+280 

ns 

5 

21 

TcCTR 

CLK/TRG cycle time 

2TcC 


2TcC 


2TcC 


ns 

5 

22 

TrCTR 

CLK/TRG rise time 


50 


50 


40 

ns 


23 

TfCTR 

CLK/TRG fall time 


50 


50 


40 

ns 


24 

TwCTRl 

CLK/TRG width (low) 

200 


200 


120 


ns 


25 

TwCTRh 

CLK/TRG width (high) 

200 


200 


120 


ns 


26 

TsCTR (Cs) 

CLK/TRG t to clock t setup 
time for immediate count 

300 


210 


150 


ns 

5 

27 

TsCTR (Ct) 

CLK/TRG t to clock T setup 
time for enabling of prescaler on 
following clock t 

210 


210 


150 


ns 

4 

28 

TdC (ZC/TOr) 

Clock t to ZC/TO t delay 


260 


190 


140 

ns 


29 

TdC (ZC/TOf) 

Clock i to ZC/TO i delay 


190 


190 


140 

ns 



t Rising edge, l falling edge 

[A1 2.5 TcC > (n-2) TdlEI (IEOf) + TdMI (IEO) + TsIEI (10) + TTL buffer delay, if any. 

[B] RESET must be active for a minimum of 3 clock cycles. 

Note 1 : TcC=TwCh + TwCl + TrC + TfC. 

Note 2 : Increase delay by 10 ns for each 50 pF increase in loading, 200 pF maximum for data lines, and 100 pF for control lines. 
Note 3 : Increase delay by 2 ns for each 10 pF increase in loading, 100 pF maximum. 

Note 4 : Timer mode. 

Note 5 : Counter mode. 

* : All timings are preliminary and subject to change. 
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Z80/Z80A/Z80B Counter Timer Circuit 


■ Programming 

(1) Operation mode select 

To select a channel operating mode, write a chan- 
nel control word having bit 0 changed to 1 in the 
channel control register. 


d 7 

D 6 

D 5 

d 4 

D3 

d 2 

Di 

Do 

Inter- 

rupt 

enable 

Mode 

Pre- 

scaler 

value 

CLK/ 

TRO 

edge 

selection 

Trigger 

mode 

Time 

constant 

mode 

Reset 

1 


D3 and Ds are used in timer mode only. 


• Bit 7 = 0: Disables a channel interrupt. 

• Bit 7 = 1: Enables a channel interrupt each 

time the down-counter counts down to zero. 
No interrupt is produced even with bit 7 as 1, 
after the counter has counted down to zero 
with bit 7 as 0. 

• Bit 6 = 0: Selects the timer mode, having the 

prescaler output as the down-counter clock. 
The timer’s period comes in to P. TC. Where 
tc represents system clock period, P has 16 
or 256 (divisional scale by the prescaler), and 
TC means an 8~bit programmable time con- 
stant (max. 256). 

• Bit 6 = 1: Selects the counter mode, having the 

external clock (CLK input) signal as the down- 
counter clock. The prescaler is not used. 

• Bit 5 = 0: Used for the timer mode only. The 

prescaler divides the system clock into 16 sec- 
tions. 

• Bit 5 = 1: Used for the timer mode only. The 

prescaler divides the system clock into 256 
sections. 

• Bit 4 = 0: Starts the timer operation at the trig- 

ger input falling edge in the timer mode. In the 
counter mode, the down-counter comes on at 
the clock input rising edge. 

• Bit 4 = 1: Starts the timer operation at the trig- 

ger input rising edge in the timer mode. In the 
counter mode, the down-counter comes on at 
the clock input rising edge. 

• Bit 3 = 0: Effective in the timer mode only. 

With bit 1 = 1, the timer starts at the rising 
edge of the machine cycle T2 which is next to 
the write cycle of a time constant. With bit 
1 =0, the timer starts at the rising edge of the 
machine cycle Ti which is next to the write cy- 
cle of this control information. 

• Bit 3 = 1: Effective in the timer mode only. The 

timer starts by an external trigger input that 
is given after the rising of the machine cycle 
T2 next to the write cycle of a time constant. 


LH0082/LH0082A/LH0082B 


The operation starts at the second clock rising 
if the trigger input meets the set-up time, and 
at the third clock rising if it does not. If an ex- 
ternal trigger input is given before writing a 
time constant the condition of bit 3 = 0 is 
caused. 

• Bit 2 = 0: Indicates that there is no time con- 

stant written after the channel control word. 
This bit cannot be 0 for the channel control 
word to be immediately given when the chan- 
nel is reset. 

• Bit 2 = 1: Indicates that there is a time constant 

written after the channel control word. When 
a time constant is written during a down- 
counter operation, the new constant is set into 
the time constant register. But the counter 
keeps on counting. Once the counter counts 
zero, the new constant is available to use. 

• Bit 1 = 0: The channel acts as a down-counter. 

• Bit 1 = 1: Stops the operation as a down-coun- 

ter. With bit 2 = 1, the operation restarts after 
a time contant is written. 

With bit 2 = 0, the channel does not act until a 
new control word is given. 

(2) Time constant programming 

An 8-bit time constant is written into the time 
constant register, following the channel control 
word with bit 2 = 1. “00” (hexadecimal) indicates 
the time constant 256. 

D? D 6 Ds Di D3 D2 Di Do 
TC7 I TCe I TCs I TC 4 I TCs I TC2 I TCi I TCo 


(3) Interrupt vector programming 

If the Z-80 CTC has one or more interrupts en- 
abled, it can supply interrupt vectors to the Z-80 
CPU. To do so, the Z-80 CTC must be pre-prog- 
rammed with the most-significant five bits of the 
interrupt vector. Programming consists of writing 
a vector word to the I/O port corresponding to the 
Z-80 CTC Channel 0. Note that D 0 of the vector 
word is always zero, to distinguish the vector from 
a channel control word. Di and D2 are not used in 
programming the vector word. These bits are sup- 
plied by the interrupt logic to identify the channel 
requesting interrupt service with a unique inter- 
rupt vector. Channel 0 has the highest priority. 
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D7 

De 

Ds 

D 4 

Da 

D 2 

Di 

Do 

V 7 

Ve | 

Vs | 

V 4 

1 Va | 

1 V 2 | 

1 Vi 

| Vo 


D 2 

Di 

Channel 

0 

0 

0 

0 

1 

1 

1 

0 

2 

1 

1 

3 


■ Timing 

(1) Write cycle timing 

Fig. 1 shows write cycle timing for loading con- 
trol, time constant or vector words. 

The CTC does not have a write signal input, so it 
generates one internally whe n the r ead (RD ) input 
is High during Ti. During T 2 IORQ and CE inputs 
are Low. Ml must be High to distinguish a write 
cycle from an interrupt acknowledge. A 2 -bit bin- 
ary code at inputs CSi and CSo selects the channel 
to be addressed, and the word being written is 
placed on the Z-80 data bus. The data word is 
latched into the appropriate register with the ris- 
ing edge of clock cycle Ta. 

(2) Read cycle timing 

Fig. 2 shows read cycle timing. This cycle reads 
the contents of a down-counter without disturbing 
the count. 

During clock cycle T 2 , the Z-80 CPU initiates a 
read c ycle by driving the following inputs Low: RD, 
IORQ, and CE. A 2 -bit binary code at inputs CSi 


and CSo selects the channel to be read. Ml must be 
High to distinguish this cycle from an interrupt 
acknowledge. No additional wait states are allowed. 

(3) Interrupt acknowledge timing 

Fig. 3 shows interrupt acknowledge timing. Af- 
ter an interrupt request, the Z- 80 CP U sends an 
interrupt acknowledge (Ml and IORQ). All chan- 
nels are inhibited f rom changing their interrupt re- 
quest status when Ml i s act ive — about two clock 
cycles earlier than IORQ. RD is High to distinguish 
this cycle from an instruction fetch. 

The CTC interrupt logic determines the highest 
priority channel requesting an interrupt. If the 
CTC interrupt enable input. (IEI) is High, the high- 
est proiority interrupting channel within the CTC 
places its interrupt vector on the data bus when 
IORQ goes Low. Two wait states (Twa) are auto- 
matically inserted at this time to allow the daisy 
chain to stabilize. Additional wait states may be 
added. 

(4) Return from interrupt cycle 

If a Z-80 peripheral has no interrupt pending 
and is not under service, then its IEO = IEI. If it has 
an interrupt under service (i.e.,it has already inter- 
rupted and received an interrupt acknowledge) 
then its IEO is always Low, inhibiting lower prior- 
ity devices from interrupting. If it has an interrupt 
pending which has not yet been acknowledged, IEO 
is Low unless an “ED” is decoded as the first byte 
of a 2 -byte opcode. In this case, IEO goes High un- 
til the next opcode byte is decoded, whereupon it 
goes Low again. If the second byte of the opcode 


CLOCK ^ 

Ti 

t 2 

T w * 

t 3 

Ti 

Y Channel address Y 

cf A A 







IORQ 


1 

/ 


KU 






Ml ' 






D °~D 7 : 

Input , 

t 

i 

1 1 

Fig 

riil 

1 Write cycle timing 
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was a “4D,” then the opcode was an RETI instruc- 
tion. 

After an “ED” opcode is decoded, only the 
peripheral device which has interrupted and is 
currently under service has its IEI High and its 
IEO Low. This device is the highest-priority device 


in the daisy chain that has received an interrupt 
acknowledge. All other peripherals have IEI = IEO. 
If the next opcode byte decoded is “4D”, this 
peripheral device resets its “interrupt under ser- 
vice” condition. 



252 







Z80/Z80A/Z80B Counter Timer Circuit 


LH0082/LH0082A/LH0082B 




@ When Channel 1 service is completed and RETI instruction is executed. 
In this case, Channel 2 service is restarted. 

Service completion 


■ IEI 

“High 

TT7H TFT 

“High” 

High 



UjU 111,1 

llLU — 111,1 

IEO IEI 

IEO ■ 


When Channel 2 service is completed and RETI instruction is executed. 

Fig. 5 Daisy-chain interrupt service 
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(5) Daisy-chain interrupt service 

Fig. 5 shows a typical nested interrupt order 
with the CTC. Channel 2 first requests an inter- 
rupt to be serviced. If the higher-priority Channel 
1 requests an interrupt while Channel 2 is in ser- 
vice, the Channel 2 service is interrupted and 
Channel 1 is serviced instead. Now the Channel 1 
service routine has been completely executed, an 
RETI instruction can be given to indicate that 
Channel 1 has been serviced. At this moment, 
Channel 2 will be in service again. 


(6) Counter operation/timer operation 

In the counter mode, the CLK/TRG pulse input 
decrements the down-counter. The trigger is asyn- 
chronous, but the count is synchronized with CLK. 
For the decrement to occur on the next rising edge 
of CLK, the trigger edge must precede CLK by a 
minimum lead time. In the timer mode, a CLK/TRG 
pulse input starts the timer on the second succeed- 
ing rising edge of CLK. The trigger pulse is asyn- 
chronous, and it must have a minimun width. A 
minimun lead time (210 ns) is required between the 
active edge of the CLK/TRG and the next rising 
edge of CLK to enable the prescaler on the follow- 
ing clock edge. 
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■ Description 

The Z80 product line is a complete set of micro- 
computer components, development systems and 
support software. The Z80 microcomputer com- 
ponent set includes all of the circuits necessary to 
build high-performance microcomputer systems 
with virtually no other logic and a minimum num- 
ber of low cost standard memory elements. 

The LH0083 Z80 DMA (Z80 DMA for short be- 
low) is a powerful and versatile device for controll- 
ing and processing of data transfers. Its basic 
function of managing CPU-independent transfers 
between two ports is augmented by an array of fea- 
tures that optimize transfer speed and control with 
little or no external logic in systems using an 8 -or 
16-bit data bus and a 16-bit address bus. 

Transfers can be done between any two ports 
(source and destination), including memory-to-I/O, 
memory-to-memory, and I/O-to-I/O. Dual port 
addresses are automatically generated for each 
transaction and may be either fixed or incrementing/ 
decrementing. In addition, bitmaskable byte searches 
can be performed either concurrently with transfers 
or as an operation in itself. 

The LH0083A Z80A DMA is a high speed ver- 
sion which can operate at the 4MHz system clock. 


■ Features 

1. Transfers, searches and search /transfers in 
byte-at-a-time, burst or continuous modes 

2. Cycle length and edge timing can be programmed 

3. Dual port addresses generated for memory- 
to-I/O, memory-to-memory, or I/O-to-I/O op- 
erations Adderess may be fixed or automat- 
ically incremented/decremented 

4. Next-operation loading without disturbing cur- 
rent operations via buffered starting-address 


■ Pin Connections 
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registers and an entire previous sequence can 
be repeated automatically 

5. Extensive programmability of functions CPU 
can read complete channel status 

6. Vectored daisy chain priority interrupt logic 

7. Single +5V power supply and single phase 
clock 

8. TTL compatible inputs and outputs 

9. 40-pin dual-in-line package 

10. N-channel silicon-gate process 
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■ Pin Description 


f Pin 

Meaning 

I/O 

Function 

Ao~A 15 

Address bus 

3 -state 0 

System address bus. 


Data bus 

Bidirectional 

3 -state 

System data bus. 

BAJ 

Bus acknowledge in 

I 

Active “low”. Used to form a bus priority-interrupt 
daisy-chain. 

BAO 

Bus acknowledge out 

0 

Active “low”. Used to form a bus priority-interrupt 
daisy-chain. 

BUSRQ 

Bus request 

Open drain, 0 

Active “low”. Active when controlling the bus. 

CE/WAIT 

Chip enable 

I 

Active “low”. Acts as CE when the CPU accesses the 
DAM, and as WAIT when the DAM is the bus master. 

CLOCK 

System clock 

I 

Standard Z80 system clock used for internal synchro- 
nization signals. 

Ml 

Machine cycle one 

i 

Active “low”. Indicates that CPU is acknowledging an in- 
terrupt, when both Ml and IORQ are active. 

IORQ 

Input/output request 

Bidirectional 

3 -state 

Active “low”. Transmits and receives data from the CPU 
as an input line. Acts as IORQ for another device as an 
output line. Indicates that the CPU is acknowledging an 
interrupt, when both IORQ and Ml are active. 

MREQ 

Memory request 

3 -state 0 

Active “low”. Requests a transfer from or to memory 
with the DMA as a bus master. 

IEI 

Interrupt enable in 

I 

Active “high”. Used to form a priority-interrupt 
daisy-chain. ' 

IEO 

Interrupt enable out 

0 

Active “low”. Used to form a priority-interrupt 
daisy-chain. 

INT/PULSE 

Interrupt request/pulse 

Open drain, 0 

Active “low”. Active when requesting an interrupt. Can 
also generate pulses. 

RD 

Read 

Bidirectional 

3 -state 

Active “low”. Reads data from the CPU as an input line. 
Acts as RD for another device as an output line. 

WR 

Write 

Bidirectional 

3 -state 

Active “low”. Writes data from the CPU as an input line. 
Acts as WR for another device as an output line. 

RDY 

Ready 

I 

With the DMA as a bus master, starts DMA operation 
when active, and stops it when not active. 
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■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

(Vcc=5V±5%, Ta=0~ + 70 < C) 

Input voltage 

Vin 

— 0.3 — F7 

V 

Output voltage 

VoUT 

— 0.3 — h7 

' V 

Operating temperature 

Top, 

0- + 70 

°C 

Storage temperature 

T.„. 

—65 — 1- 150 

°c 

■ DC Characteristics 

Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Clock input low voltage 

v ILC 


-0.3 


0.45 

V 

Clock input high voltage 

V IHC 


Vcc-0.6 


5.5 

V 

Input low voltage 

V, L 


-0.3 


0.8 

V 

Input high voltage 

V,„ 


2.0 


5.5 

V 

Output low voltage 

VoL 

I OL =3.2mA for BUSREQ 

I O l = 2.0 mA for all others 



0.4 

V 

Output high voltage; 

Von 

I OH = — 2 50 //A 

2.4 



V 

Current 

consumption 

Z80 DMA 

Icc 

t c = 400ns 



150 

mA 

Z80A DMA 

t c = 250ns 



200 

mA 

Input leakage current 

Uli 1 

0^V IN ^V C c 



10 

M 

3 -state output leakage current 

1 Iloh 1 

V out = 2.4 V 



10 

M 

3 -state output leakage current 

1 Ilol 1 

V oi ,t=0.4V 



10 

M 

Data bus leakage current in 
input mode 

1 Ild 1 

ov^v IN ^v cc 



10 

M 

■ Capacitance (f=iMHz,Ta=25'C) 

Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Clock capacitance 

Cclock 

(Unmeasured pins returned 
to ground 



35 

pF 

Input capacitance 

Qn 



5 

pF 

Output capacitance 

Cqut 



10 

pF 
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■ AC Characteristics 


(1 ) Acting as CPU peripheral (inactive state) 


No. 

Parameter 

Symbol 

| Z80 DMA 

j Z80A DMA 

Unit 

MIN. . 

MAX. 

MIN. 

MAX. 

1 

Clock cycle time 

TcC 

400 

4000 

250 

4000 

ns 

2 

Clock width (high) 

TwCh 

170 

2000 

110 

2000 

ns 

3 

Clock width (low) 

TwCl 

170 

2000 

110 

2000 

ns 

4 

Clock rise time 

TrC 


30 


30 

ns 

5 

Clock fall time 

TfC 


30 


30 

ns 

6 

Hold time for any specified setup time 

Th 

0 


0 


ns 

7 

IORQ, WR, CE 1 to clock t setup time 

TsC(Cr) 

280 


145 


ns 

8 

RD J to data output delay 

TdDO(RDf) 


500 


380 

ns 

9 

Data in to clock t setup (WR or Ml) 

TsWM(Cr) 

50 


50 


ns 

10 

IORQ J to data out delay (INTA cycle) 

TdCf(DO) 


340 


160 

ns 

11 

RD t to data float delay (output buffer disable) 

TdRD(DZ) 


160 


no 

ns 

12 

IEI i to IORQ 1 setup (INTA cycle) 

TsIEI(IORQ) 

140 


140 


ns 

13 

IEI t to IEO t delay 

TdlEOr(IEIr) 


210 


160 

ns 

14 

IEI l to IEO 1 delay 

TdlEOf(IEIf) 


190 


130 

ns 

15 

Ml i to IEO 1 delay 
(interrupt just prior to Ml i ) 

TdMl(IEO) 


300 


190 

ns 

16 

Ml i to clock t setup 

TsMlf(Cr) 

210 


90 


ns 

17 

Ml t to clock 1 setup 

TsMlr(Cf) 

20 


-10 


ns 

18 

RD i to clock t setup (Ml cycle) 

TsRD(Cr) 

240 


115 


ns 

19 

Interrupt cause to INT 1 delay 

(INT generated only when DMA is inactive) 

Tdl(INT) 


500 


500 

ns 

20 

BAI t to BAO t delay 

TdBAIr(BAOr) 


200 


150 

ns 

21 

BAI 1 to BAO l delay 

TdBAIf(BAOf) 


200 


150 

ns 

22 

RDY active to clock t setup time 

TsRDY(Cr) 

150 


100 


ns 


Note : t Rising edge, i Falling edge. 

Note 1: Negative minimum setup values mean that the first-mentioned event can come after the second-mentioned event. 
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(2) Acting as bus controller (active state) (v co = 5 V± 5 %,Ta=o~+ 70 “C) 


No. 

Parameter 

Symbol 

| Z80 DMA 

Z80A DMA 

Unit 

MIN. 

MAX. 

MIN. 

MAX. 

1 

Clock cycle time 

TcC 

400 


250 


ns 

2 

Clock width (high) 

TwCh 

180 

2000 

110 

2000 

ns 

3 

Clock width (low) 

TwCl 

180 

2000 

110 

2000 

ns 

4 

Clock rise time 

TrC 


30 


30 

ns 

5 

Clock fall time 

TfC 


30 


30 

ns 

6 

Address output delay 

TdA 


145 


no 

ns 

7 

Clock t to address float delay 

TdC(AZ) 


110 


90 

ns 

8 

Address to MREQ I setup (memory cycle) 

TsA(MREQ) 

(2)+(5) — 75 


(2)+(5) — 75 


ns 

9 

Address stable to IORQ, RD, WR | setup 
(I/O cycle) 

TsA(IRW) 

(l)-80 


(1)— 70 


ns 

*10 

RD, WR t to addr. stable delay 

TdRW(A) 

(3)+(4)-40 


(3)+(4)-50 


ns 

*11 

RD, WR t to addr. float delay 

TdRW(AZ) 

(3)+(4)-60 


(3)+(4)-45 


ns 

12 

Clock i to data out delay 

TdCffDO) 


230 


150 

ns 

*13 

Clock t to data float delay (write cycle) 

TdCr(Dz) 


90 


90 

ns 

14 

Data in to clock t setup 

(read cycle when rising edge ends read) 

TsDI(Cf) 

50 


35 


ns 

15 

Data in to clock i setup 

(read cycle when falling edge ends read) 

TsDO(WfM) 

60 


50 


ns 

*16 

Data out to WR 1 setup (memory clcle) 

TsDO(WPI) 

(D— 210 


(1 ) — 170- 


ns 

17 

Data out to WR 1 setup (I/O cycle) 

TsDO(WPI) 

100 


100 


ns 

*18 

WR t to data out hold time 

TdWr(DO) 

(3)+(4)-80 


(3)+(4) — 70 


ns 

19 

Hold time for any specified setup time 

Th 

0 


0 


ns 

20 

Clock i to MREQ i delay 

TdCf(Mf) 


100 


85 

ns 

21 

Clock t to MREQ T delay 

TdCf(Mr) 


100 


85 

ns 

22 

Clock i to MREQ t delay 

TdCf(Mr) 


100 


85 

ns 

23 

MREQ low pulse width 

TwMl 

(0-40 


(1)— 30 


ns 

*24 

MREQ high pulse width 

TwMh 

(2)+(5)-30 


(2)+(3)-20 


ns 

25 

Clock t to IORQ 1 delay 

TdCr(If) 


90 


75 

ns 

26 

Clock t to IORQ t delay 

TdCr(Ir) 


100 


85 

ns 

*27 

Clock i to IORQ t delay 

TdCr(Ir) 


no 


85 

ns 

28 

Clock t to RD i delay 

TdCr(Rf) 


100 


85 

ns 

29 

Clock l to RD i delay 

TdCr(Rf) 


130 


95 

ns 

30 

Clock t to RD t delay 

TdCr(Rr) 


100 


1 85 

ns 

31 

Clock i to RD t delay 

TdCr(Rr) 


110 


85 

ns 

32 

Clock t to WR I delay 

TdCr(Wf) 


80 


65 

ns 

33 

Clock l to WR i delay 

TdCf(Wf) 


90 


80 

ns 

34 

Clock t to WR t delay . 

TdCr(Wr) 


100 


80 

ns 

35 

Clock i to WR t delay 

TdCf(Wr) 


100 


80 

ns 

36 

WR Low pulse width 

TwWl 

(1)— 40 


( 1 ) — 30 


ns 

37 

WAIT to clock 1 setup 

TsWA(Cf) 

70 


70 


ns 

38 

Clock t to BUSREQ delay 

TdCr(B) 


150 


100 

ns 

39 

Clock t to IORQ, MREQ, RD, WR float delay 

TdCr(Iz) 


100 


80 

ns 


Note : t Rising edge, i Falling edge 

Note 1: Numbers in parentheses are other parameter numbers in this table; their values should be substituted in equations. 
Note 2: All equations imply DMA default (standard) timing. 

Note 3; Data must be enabled onto data bus when RD is active. 

Note 4: Asterisk (*) before parameter number means the parameter is not illustrated in the AC Timing Diagrams. 
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■ Programming 

The Z~80 DMA has two programmable fun- 
damental states. 

• an enabled state, in which it can gain control 

of the system buses and direct the transfer 
of data between ports, and 

• a disabled state, in which it can initiate neither 

bus requests nor data transfers. When the 
DMA is powered up or reset by any means, 
it is automatically placed into the disabled 
state. 


• Read Register 0 


D7 De D5 D4 D3 D2 Di Do 


cz 


Xioioioixlolll STATUS BYTE 

| t-1 =DMA TRANSFER HAS OCCURRED 

« 0 = READY ACTIVE 

0 = INTERRUPT PENDING 

* 0 = MATCH FOUND 

0 = END OF BLOCK 

INTERRUPT PENDING 


• Read Register 1 

[ 1 I 1 111 I I BYTE COUNTER 

(LOW BYTE) 


(1) Reading 

The Read Registers (RR0-RR6) are read by the 
CPU by addressing the DMA as an I/O port using 
an Input instruction. The readable bytes contain 
DMA status, byte-counter values, and port addres- 
ses since the last DMA reset. The registers are al- 
ways read in a fixed sequence beginning with RRO 
and ending with RR6. 


• Read Register 2 

| 1 1 "1 ) 1 I 1 □ BYTE COUNTER 

(HIGH BYTE) 


• Read Register 3 

| 1 1 | T 1 I I 1 PORT A ADDRESS 

1 COUNTER (LOW BYTE) 


• Read Register 4 

I 1 1 1 I i I I i PORT A ADDRESS 

COUNTER (HIGH BYTE) 
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Read Register 5 


I I I I 


• Read Register 6 

■ I i i i i i i :r 


PORT B ADDRESS 
COUNTER (LOW BYTE) 


PORT B ADDRESS 
COUNTER (HIGH BYTE) 


• Write Register 2 

D7 D6 D5 D4 D3 D2 Di Do 


0 


(2) Writing 

Control or command bytes are written into one 
or more of the Write Register groups (WR0-WR6) 
by first writing to the base register byte in that 
group. All groups have base registers and most 
groups have additional associated registers. The 
associated registers in a group are sequentially 
accessed by first writing a byte to the base register 
containing register-group identification and poin- 
ter bits (I, s) to one or more of that base register’s 
associated registers. 

• Write Register 0 

D7 D6 D5 D4 D3 D2 Di Do 

I I BASE REGISTER BYTE 


T1BASE register 
1 BYTE 


0 = PORT B IS MEMORY 

1 = PORT B IS I/O 

0 -PORT B ADDRESS DECREMENTS 

1 = PORT B ADDRESS INCREMENTS 

0 = PORT B ADDRESS VARIABLE 

1 -PORT B ADDRESS FIXED 


I PORT B VARIABLE 
1 TIMING BYTE 


0 0 = CYCLE LENGTH =4 

0 1 = CYCLE LENGTH =3 

1 0 = CYCLE LENGTH — 2 

1 l=DO NOT USE 


0 = IORQ ENDS 1/2 CYCLE EARLY 
0= MREQ ENDS 1/2 CYCLE EARLY 
O^RD ENDS 1/2 CYCLE EARLY 
0= WR ENDS 1/2 CYCLE EARLY 


• Write Register 3 


D7 Dg D3 D4 D3 D2 Di Do 

Exn 


0 0 DO NOT USE 

0 1 =TRANSFER 

1 0 = SEARCH 

1 1 = SEARCH /TRANSFER 

0 = PORT B -> PORT A 

1 — PORT A — *> PORT B 


DMA ENABLE = 1 
INTERRUPT ENABLE - 


, , BASE 

I 1 0 I 0 I REGISTER 
BYTE 

1 — STOP ON 
MATCH 




1 MASK BYTE 
(0= COMPARE) 


1 111 1 1 rT 


ill, n 

• Write Register 1 

D 7 Dg D 5 D 4 D 3 D 2 Di Do 

16 1 I T~ 


] PORT A STARTING ADDRESS 
(LOW BYTE) 

1 PORT A STARTING ADDRESS 
(HIGH BYTE) 

I BLOCK LENGTH 
(LOW BYTE) 

] BLOCK LENGTH 
(HIGH BYTE) 


Write Register 4 

D7 De D5 D4 D3 D2 Dj 

El 


TTT 


BYTE = 0 0 

CONTINUOUS - 0 1 

BURST = 1 0 

DO NOT PROGRAM = 1 1 


1 | 0 1 0 \ BASE REGISTER BYTE 


MATCH 

BYTE 


Do 

T1 BASE 

REGISTER 

BYTE 


0 = PORT A IS MEMORY 

1 = PORT A IS I/O 

0 —PORT A ADDRESS DECREMENTS 

1 — PORT A ADDRESS INCREMENTS 

0 — PORT A ADDRESS VARIABLE 

1 = PORT A ADDRESS FIXED 


E I. I l l 1 3 


H 


PORT A VARIABLE 
TIMING BYTE 


1 


PORT B STARTING 
ADDRESS (LOW BYTE)’ 


PORT B STARTING 
ADDRESS (HIGH BYTE) 


0 0 = CYCLE LENGTH =4 

0 1— CLCLE LENGTH =3 

1 0 — CYCLE LENGTH =2 
1 1-DO NOT USE 


INTERRUPT 
ON RDY — 
STATUS AFFECTS 
VECTOR - 


] INTERRUPT CONTROL BYTE 


0=IORQ ENDS 1/2 CYCLE EARLY 
0 -MREQ ENDS 1/2 CYCLE EARLY 
0=RD ENDS 1/2 CYCLE EARLY 
0= WR ENDS 1/2 CYCLE EARLY 


1 -INTERRUPT ON 
I MATCH 
1 -INTERRUPT AT 
END OF BLOCK 
1 -PULSE GENERATED 
”"] T - 1 PULSE CONTROL 
BYTE 

— j 1 1 INTERRUPT 

T J " r J 1 VECTOR 


VECTOR IS AUTOMATICALLY ( 0 
MODIFIED AS SHOWN I 0 
ONLY IF“ STATUS 1 1 
AFFECTS VECTOR” BIT IS SET i 


0 = INTERRUPT ON RDY 

1 m INTERRUPT ON MATCH 

0 = INTERRUPT ON END 

OF BLOCK 

1 * INTERRUPT ON MATCH 

AND END OF BLOCK 
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• Write Register 5 

D7 De D5 D4 D3 D2 Di Do 
m | I I mTTo I BASE REGISTER 
II I " BYTE 

0 = READY ACTIVE LOW 7 

1 = READY ACTIVE HIGH 

0 = CE ONLY 

1 = CE/WAIT MULTIPLEXED 

STOP RESTART ON END 
0=STOP ON END OF BLOCK 
l=AUTO REPEAT ON END OF BLOCK 


• Write Register 6 


D 7 D6 D 5 D 4 D 3 D 2 Di Do 

1 l'l ^ M I ^1 ^ I 1 TT] BASE REGISTER BYTE 


C3 


C7 


INTERRUPT LINE RESET, INTERRUPT REQUEST AND BUS REQUEST DISABLE, 
INTERNAL READY STATE CLEAR, CE MULTIPLEX DISABLE, AUTOMATIC REPEAT 
STOP 

PORT A TIMING TO Z80 STANDARD TIMING 


CB 


PORT B TIMING TO Z80 STANDARD TIMING 


CF 

D3 

AB 

AF 

A3 

87 

83 


10 0 11 
10 10 0 
0 10 10 
0 1 0 1 1 
0 10 0 0 
0 0 0 0 1 
0 0 0 0 0 


BOTH PORTS START ADDRESS LOAD, BYTE CONTER CLEAR 
ADDRESS CONTINUE FROM CURRENT VALUE, BYTE COUNTER CLEAR 
INTERRUPT ENABLE 
INTERRUPT DISABLE 

INTERRUPT CIRCUIT RESET AND DISABLE (SAME AS RETI) , INTERNAL READY 
STATE CLEAR 

DMA ENABLE 1 EFFECTIVE FOR ALL SECTIONS BUT INTERRUPT. 

DMA DISABLE] NOT ALL FUNCTIONS RESETTABLE, HOWEVER 


A7 

BF 


0 10 0 1 
0 1111 


READ SEQUENCE START FOR 1ST REGISTER DESIGNATED BY READ MASTER 
REGISTER 

STATUS REGISTER READ SETUP. FROM STATUS REGISTER FOR NEXT READ 


B3 


88 


0 110 0 
0 0 0 1 0 


INTERNAL READY STATE TO BE FORCEDLY CLEAR OF “RDY” PIN (USED FOR 
DMA BETWEEN MEMORIES NEEDING NO RDY SIGNAL. NOT OPERATIVE IN “BYTE 
MODE”) 

REINITIALIZE. END-OF-BLOCK BIT CLEAR 


B7 0 


ENABLE AFTER RETI. BUS REQUEST ONLY AFTER RETI EXECUTION 


BB 


READ MASK FOLLOWS 


I 0 1 I I I I i T~~1 READ MASK (1=ENABLE) 

1 l STATUS BYTE 

BYTE COUNTER (LOW BYTE) 

BYTE COUNTER (HIGH BYTE) 

PORT A ADDRESS (LOW BYTE) 

PORT A ADDRESS (HIGH BYTE) 

PORT B ADDRESS (LOW BYTE) 

PORT B ADDRESS (HIGH BYTE) 
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■ Timing 

(1) Inactive state timing (DMA as CPU 
Peripheral) 

In its disabled or inactive state, the DMA is 
addressed by the CPU as an I/O peripheral for 
write and read (control and status) operations. 
Write timing is illustrated in Fig. 1. 

Reading of the DMA’s status byte, byte counter 
or port address counters is illustrated in Fig. 2. 

(2) Active state timing (DMA as BUS 
Controller) 

( i ) Default read and write cycles 

By default, and after reset, the DMA’s timing of 
read and write operations is exactly the same as 
the Z-80 CPU’s timing of read and write cycles for 
memory and I/O peripherals, with one exception: 
during a read cycle, data is latched on the falling 
edge of T 3 and held on the data bus across the 
boundary between read and write cycles, through 
the end of the following write cycle. 

Fig. 3 illustrates the timing for memory to-I/O 
port transfers and Fig. 4 illustrates I/O-to-memory 
transfers. Memory-to-memory and I/O-to-I/O 
transfer timings are simply permutations of these 
diagrams. 

The default timing uses three T-cycles for mem- 
ory transactions and four T-cycles for I/O transac- 
tions, which include one automatically inserted 


wait cycle between T 2 and T 3 . If the CE/WAIT line 
is programmed to act as a WAIT line during the 
DMA’s active state, it is sampled on the falling edge 
of T 2 for memory transactions a nd t he falli ng edge 
of Tw for I/O transactions. If CE/WAIT is Low 
during this time anoth er T-cycle is added, during 
which the CE/WAIT line will again be sampled. 
The duration of transactions can thus be indefinite- 
ly extended. 
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(ii) Variable cycle and edge timing The 

Z-80 DMA’s default operation-cycle length for the 
source (read) port and destination (write) port can 
be independently programmed. This variable-cycle 
feature allows read or write cycles consisting of 
two, three or four T-cycles (more if Wait cycles 
are inserted), thereby increasing or decreasing the 
speed of all signals generated by the DMA. In addi- 
tion, the trailing edges of the IORQ, MREQ, RD and 
WR signals can be independently terminated 
one-half cycle early. Fig. 5 illustrates this. 

In t he variable-cycle mode, unlike default timing , 
IORQ c omes act i ve one -half cycle before MREQ, 
RD and WR. CE/WAIT can be used to extend only 
the 3 or 4 T-cycle variable memory cyc l es and 
only the 4-cycle variable I/O cycle. The CE/WAIT 
line is sampled at the falling edge of T 2 for 3-or . 
4 -cycle memory cycles, and at the falling edge of 
T 3 for 4-cycle I/O cycles. 

During transfers, data is latched on the clock 
edge causing the rising edge of RD and held 
through the end of the write cycle. 

(iii) Bus requests Fig. 6 illustrates the bus 
request and acceptance timing. The RDY line, 
which may be programmed active High or Low, is 
sampled on every rising edge of CLK. 

If it is found to be active, and if the bus is not in 
use by any oth er device , the following rising edge 
of CL K drives BUSREQ low. After rece iving BUS- 
REQ the CPU acknowledges on the BAI input 
either directly or through a mul tiple -DMA daisy 
chain. When a Low is detected on BAI for two con- 
secutive rising edges of CLK, the DMA will begin 
transferring data on the next rising edge of CLK. 

(iv) Bus re lease byt e-at-a-time In Byte at 
a Time mode, BUSREQ is brought High on the ris- 
ing edge of CLK prior to the end of each read cycle 
(search-only) or write cycle (transfer and transfer/ 
search) as illustrated in Fig. 7. This is done regard- 
less of the state of RDY. 

The next bus reque st fo r th e next byte will come 
after both BUSREQ and BAI have returned High. 

(v) Bus release at end of block In Burst 
and Cont inuous modes, an end of block causes 
BUSREQ to go High usually on the same rising 
edge of CLK in which the DMA completes the 
transfer of the data block (Fig. 8 ). The last byte in 
the block is transferred even if RDY goes inactive 
before completion of the last byte transfer. 

(vi) Bus release on not ready In Burst 
mode, when RDY goes inactive it causes BUSREQ 
to go High on the next rising edge of CLK after the 
completion of its curre nt byte operation (Fig. 9). 
The action on BUSREQ is thus somewhat delayed 


from action on the RDY line. The DMA always 
completes its current byte operation in an orderly 
fashion before r eleasing th e bus. 

By contrast, BUSREQ is not released in Con- 
tinuous mode when RDY goes inactive. 

Instead, the DMA idles after completing the current 
byte operation, awaiting an active RDY ^gain. 

(vii) Bus release on match If the^DMA is 
programmed to stop on matc h in Bur st or Con- 
tinuous modes, a match causes BUSREQ to go inac- 
tive on the next DMA operation, i.e., at the end of 
the next read in a search or at the end of the fol- 
lowing write in a transfer (Fig. 10). Due to the 
pipelining scheme, matches are determined while 
the next DMA read or write is being performed. 

The RDY line can go inactive after the matching 
operation begins without affecting this bus-release 
timing. 

(viii) Interrupts Timings for interrupt ack- 
nowledge and return from interrupt are the same 
as timings for these in other Z~80 peripherals. (Re- 
fer to the Z80 PIO.) 

Interrupt on RDY (interrupt before re questing 
bus) does not directly affect the BUSREQ line. In- 
stead, the interrupt service routine must handle 
this by issuing the following commands. 

a. Enable after return from interrupt (RETI) 
(Command code 87h) 

b. Enable DMA (Command code 87h) 

c. An RETI instruction 
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Fig. 5 Variable cycle and edge timing 
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Fig. 9 No READY bus clear (burst mode) 


cLocK _r L_run 


ACTIVE 

j i 

j 

RDY INACTIVE 

\ J 

RT RO 

L — 


! BYTE n+1 READ VI 

1* BYTE n 

H*-in MATCH FOUND’T^DMA INACTIVE 

READ IN 

ON BYTE n 

Fig. 10 Mating bus clear (burst, continuous mode) 
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L H 0084/ L H 0084 A/ LH 0084B 
LH0085/LH0085A/LH0085B Z80/Z80A/Z80B Serial 
LH0086/LH0086A/LH0086B Input/Output Controller 

■ Description 

The Z80 product line is a complete set of micro- 
computer components, development systems and 
support software. The Z80 microcomputer com- 
ponent set includes all of the circuits necessary to 
build high-performance microcomputer systems 
with virtually no other logic and a minimum num- 
ber of low cost standard memory elements. 

The LH0084/85/86, Z80 SIO (Z80 SIO for 
short below) is a dual-channel multi-function 
peripheral component designed to satisfy a wide 
variety of serial data communications requirements 
in microcomputer systems. Its basic function is a 
serial-to-parallel, parallel-to-serial converter/ 
controller, but-within that role— it is configurable 
by systems software so its “personality” can be 
optimized for a given serial data communications 
application. 

The Z80 SIO is capable of handling asynchro- 
nous and synchronous byte-oriented protocols 
such as IBM Bisync, and synchronous bit-oriented 
protocols shch as HDLC and IBM SDLC. This ver- 
satile device can also be used to support virtually 
any other serial protocol for applications other 
than data communications (cassette or floppy disk 
interfaces, for example). 

The Z80 SIO can generate and check CRC codes 
in any synchronous mode and can be programmed 
to check data integrity in various modes. The de- 
vice also has facilities for modem controls in both 
channels. In applications where these controls are 
not needed, the modem controls can be used for 
general-purpose I/O. 

The Z80 SIO has six types as below according 
it’s system clock and bonding option. The Z80A 
SIO and the Z80B SIO are a high speed version 
which can operate at the 4MHz and 6MHz system 
clock, respectively. 

• LH0084 Z80 SIO/O • LH0084B Z80B SIO/O 

• LH0085 Z80 SIO/1 • LH0085B Z80B SIO/1 

• LH0086 Z80 SIO/2 • LH0086B Z80B SIO/2 

• LH0084A Z80A SIO/O 

• LH0085A Z80A SIO/1 

• LH0086A Z80A SIO/2 

■ Features 

1. N-channel silicon-gate process 

SHARP — — 


Pin Connections 

LH0084/LH0084A/LH0084B 
— \ 

Di (T 40| Do 

D 3 Q[ O 39j D 2 

Ds E 1 d 4 

D 7 [T 37) D 6 

INT |T 1 IORQ 

IEI fif 35) CE 


LH0085/LH0085A/ 

LH0085B 


int u 

IEI 

IEO [T 
Ml |T 
Vcc QT 
W/RDYA [To 
SYNCA QT^ 
RxDA [12 
ECA \u 
TxCA \u 
TxDA [Is 
DTRA [16 
RTS A [r7 
CTSA [Is 
DCDA [m 
CLOCK [20 


M SYNCB 
1 RxDB 
1 R^CB 
1 TxCB 
H TxDB 


D B/A 
33) C/D 
32) RD 
1) GND 
M W/RDYB 


M SYNCBLH008f)/LH0086A/ 
M RxDB LH0086B 


If| RxTxCB B 

RxDB 

8 TxDB ® 

RxCB 

II dtrb B 

TxCB 

24] RTSB 8 

TxDB 

23j CTSB P 

DTRB 

22] CCDB 


2i] RESET 



Top View 


2. Single + 5V power supply and single phase 
clock 

3. Two independent full duplex channels 

4. Data rates : 0 to 500K bits/second (at 2.5 MHz 
system clock) 

: 0 to 800K bits/second (at 4MHz system clock) 
: 0 to 1200K bits/second (at 6MHz system clock) 

5. Asynchronous operation 

• 5, 6, 7 or 8 bits/character 

• 1, l l A or 2 stop bits/character 

• Even, odd or no parity 

• XI, X 16, X 32 and X64 clock modes 

• Break generation and detection 

• Parity, Overrun and Framing error detec- 
tion 

6. Binary synchronous operation 

• Internal or external character synchroniza- 
tion 

• One or two Sync characters in separate reg- 
isters 

• Automatic Sync character insertion 

• CRC generation and checking 

7. HDLC or IBM SDLC operation 
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• Abort sequence generation and detection 

• Automatic zero insertion and detection 

• Automatic flag insertion 

• Address field recognition 

• I-field residue handling 

• Valid receive messages protected from over- 
run 


• CRC generation and checking 

8. Vectored daisy chain priority interrupt logic 

9. CRC- 16 or CRC-CCITT block check 

10. Separate modem control inputs and outputs for 
both channels 

11. Modem status can be monitored 

12. 40-pin dual-in-line package 


Block Diagram 


System Data Bus - 


Chip Enable (35)- 
Reset 

Machine Cycle 1 
I/O Request 
Read 

Command/ Data 
Select 
Channel Select 


D 

Oh 

O 


Internal 

Control 

Logic 


Channel A 
Control and 
Status 
Regi sters 


Interrupt 

Control 

Logic 


Channel B 
Control and 
Status 
Registers 


(5) — (6^) — (j)- 


S g l-g 
i a £.-2 

u Z 0 
u 
> 


O 


£ U 


Bonding option is as below 



1 SYNCB 
4® RxDB 


RxCB 


TxCB 
•ff) TxDB 


Channel 

A 



Channel 

A 

Control 

and 

Status 



Channel 

B 

Control 

and 

Status 



Channel 

B 



RxDB 



SIO/O 


SIO/1 


SIO/2 


12) Receive Data A 

13) Receive Clock A 
15) Transmit Data A 
fi) Transmit Clock A 
Jo) Wait /Ready A 

YJyExtarnal Charactor 
‘ J Synchronization A 
Request To 
17) Send A 

^ Clear To Send A 
Data Terminal 
10 Ready A 
19) Data Carrier 
Detect A 

Request To 
^ Send B 
(f§) Clear To Send B 
Data Terminal 
Ready B 
v^Data Carrier 
Detect B 

Receive Data B 
Receive Clock B 
Transmit Data B 
Transmit Clock B 
|o) Wait/Ready B 
External Charactor 
Synchronization B 
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■ Pin Description 


Pin 

Meaning 

I/O 

Function 

D 0 D 7 

Data bus 

Bidirectional 

3 -state 

System data bus 

B/A 

Channel A or B select 

\ 

I 

Defines which channel is accessed. Channel B at “High”, 
channel A at “Low”. 

C/D 

Control or data select 

I 

Defines the type of information transfer on the data bus. 
Control word at “High”, data at “Low”. 

CE 

Chip enable 

I 

Active “Low”. A Low enables the CPU to transmit and 

receive control words and data. 

CLOCK 

System clock 

I 

Standard Z80 system clock used for internal synchro- 
nization signals. 

Ml 

Machine cycle one 

I 

Active “Low”. Indicates that the CPU is acknowledging 
an interrupt, when both Ml and IORQ are active. 

IORQ 

Input/output request 

I 

Active “Low”. Read operation when RD is active, and 
write operation when it is not active. Indicates that the 
CPU is acknowledging an interrupt, when both IORQ 
and Ml are active. 

RD 

Read cycle status 

I 

Active “Low”. Read operation when active. 

RESET 

Reset 

I 

Active “Low”. Resets the interrupt bits. 

IEI 

Interrupt enable in 

I 

Active “High”. Used to form a priority-interrupt daisy 
chain. 

IEO 

Interrupt enable out 

0 

Active “High’.’ Used to form a priority-interrupt daisy 
chain. 

INT 

Interrupt request 

Open drain, 0 

Active “Low”. Active when requesting an interrupt. 

W/RDYA 

Wait/ready 

Open drain, 0 

Active “Low”. READY when the DMA is a bus master, 

W/RDYB 

WAIT when the CPU is a bus master. 

CTSA, CTSB 

Clear to send 

I 

Active “Low”. Enables the respective transmitters. Also 
applicable as general-purpose input pins. 

DCDA, DCDB 

Data carrier detect 

I 

Active “Low”. Enables the respective receivers. Also ap- 
plicable as general-purpose input pins. 

RxDA, RxDB 

Receive data 

I 

Active “Low”. Data line for receiving 

TxDA, TxDB 

Transmit data 

0 

Active “Low”. Data line for transmitting. 

RxCA, RxCB 

Receiver clock 

I 

Active “Low”. Receiving synchronization clock. 

TxCA, TxCB 

Transmitter clock 

I 

Active “Low”. Transmitting synchronization clock. 

RTSA, RTSB 

Request to send 

0 

Active “Low”. Indicates that the transmitter is empty 
during transfer. Also applicable as general-purpose out- 
put pins. 

DTRA, DTRB 

Data terminal ready 

0 

Active “Low”. Also applicable as general-purpose out- 
put pins. 

SYNCA, 

SYNCB 

External character 
synchronization 

I 

Active “Low”. Acts the same way as CTS and DCD in 
the asynchronous mode. Driven “Low” in the synchro- 
nous, mode when a synchronizing pattern is achieved. 
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■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Input voltage 

V, N 

-0.3- + 7 

V 

Output voltage 

VoUT 

-0.3- + 7 

V 

Operating temperature 

T„ or 

0- + 70 

°C 

Storage temperature 

Tsu? 

— 65 — b 150 

°c 


■ DC Characteristics (v cc =5v+5%,Ta=o~+70”C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Clock input low voltage 

V 1LC 


-0.3 


0.45 

V 

Clock input high voltage 

ViEC 


Vcc-0.6 


5.5 

V 

Input low voltage 

v 1L 


-0.3 


0.8 

V 

Input high voltage 

V,„ 

i 

2.0 


5.5 

V 

Output low voltage 

V OL 

Iql — - 2.0mA 



0.4 

V 

Output high voltage 

VoH 

I OH — — 250 jj.k 

2.4 



V 

Input leakage current 

Uul 

0<V IN <V cc 



10 

M 

3 -state output/data 
bus input leakage curreut 

1 Iz I 

0<V 1N <V tc 



10 

M 

SYNC pin leakage current 

Iusy) 

0< Vin< Vcc 

-40 


10 

M 

Current consumption 

Icc 




100 

mA 


■ Capacitance (f=iMHz, Ta=25°C) 

Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Clock capacitance 

CcLOCK 

Unmeasured pins returned 
to ground 



40 

pF 

Input capacitance 

Qn 



5 

pF 

Output capacitance 

Cqut 



10 

pF 


■ AC Characteristics 


(1 ) AC characteristics ( I ) 


No. 

Parameter 

Symbol 

| Z80 SIO 

Z80A SIO 

| Z80B SIO ! 

Unit 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

1 

Clock cycle time 

TcC 

400 

4000 

250 

4000 

165 

4000 

ns 

2 

Clock width (high) 

TwCh 

170 

2000 

105 

2000 

70 

2000 

ns 

3 

Clock fall time 

TfC 


30 


30 


15 

ns 

4 

Clock rise time 

TrC 


30 


30 


15 

ns 

5 

Clock width (low) 

TwCl 

170 

2000 

105 

2000 

70 

2000 

ns 

6 

CE, C/D, B/A to clock t setup time 

TsAD(C) 

160 


145 


60 


ns 

7 

IORQ, RD to clock t setup time 

TsCS(C) 

240 


115 


60 


ns 

8 

Clock t to data out delay 

TdC(DO) 


240 


220 


150 

ns 

9 

Data in to clock f setup 
(Write or Ml cycle) 

TsDI(C) 

50 


50 


30 


ns 

10 

RD t to data out float delay 

TdRD(DOz) 


230 


110 


90 

ns 

11 

IORQ 1 to data out delay 
(INTACK cycle) 

TdlO(DOI) 


340 


160 


100 

ns \ 


SHARP 


273 








Z80/Z80A/Z80B Serial Input/Output Controller LH0084/84A/84B/85/85A/85B/86/86A/86B 


No. 

Parameter 

Symbol 

I Z80 SIO 

| Z80ASIO 1 

Z80B SIO 

Unit 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

12 

Ml to clock t setup time 

TsMl(C) 

210 


90 


75 


ns 

13 

IEI to IORQ 1 setup time 
(INTACK cycle) 

TsIEI(IO) 

200 


140 


120 


ns 

14 

Ml i to IEO i delay 
(interrupt before Ml) 

TdMl(IEO) 


300 


190 


160 

ns 

15 

IEI t to IEO t delay (after ED decode) 

TdlEI(IEOr) 


150 


100 


70 

ns 

16 

IEI i to INT i delay 

TdlEI(IEOf) 


150 


100 


70 

ns 

17 

Clock t to INT i delay 

TdC(INT) 


200 


200 


150 

ns 

18 

IORQ i or CE i toW/RDY i delay 
(wait mode) 

TdIO(W/RWf) 


300 


210 


175 

ns 

19 

Clock t to W/RDY l delay 
(ready mode) 

TdC(W/PR) 


120 


120 


100 

ns 

20 

Clock i to W/RDY float delay 
(wait mode) 

TdC(W/RWz) 


150 


130 


110 

ns 

21 

Any unspecified hold 
when setup is specified 

Th 

0 


0 


0 


ns 


t Rising edge, i Falling edge. 


(2) AC timing chart ( I ) 
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(3) AC characteristics ( E ) 


No. 

Parameter 

Symbol 

i Z80 SIO 

| Z80A SIO | 

Z80B SIO | 

Unit 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

1 

Pulse width (high) 

TwPh 

200 


200 


200 


ns 

2 

Pulse width (low) 

TwPl 

200 


200 


200 


ns 

3 

TxC clock time 

TcTxC 

400 

oo 

400 

oo 

330 

oo 

ns 

4 

TxC width (low) 

TwTxCl 

180 

oo 

180 

oo 

100 

oo 

ns 

5 

TxCwidth (high) 

TwTxCh 

180 

oo 

180 

oo 

100 

oo 

ns 

6 

TxC i to TxD delay (xl mode) 

TdTxC(TxD) 


400 


300 


220 

ns 

7 

TxC i to W/RDY | delay (ready mode) 

TdTxC(W/RRf) 

5 

9 

5 

9 

5 

9 

Clock 

period 

8 

TxC i to INT I delay 

TdTxC(INT) 

5' 

9 

5 

9 

5 

9 

Clock 

period 

9 

RxC cycle time 

TdRxC 

400 

oo 

400 

oo 

330 

oo 

ns 

10 

RxC width (low) 

TwRxCl 

180 

oo 

180 

oo 

100 

oo 

ns 

11 

RxC width (high) 

TwRxCh 

180 

oo 

180 

oo 

100 

oo 

ns 

12 

RxD to RxC t setup time (xl mode) 

TsRxD(RxC) 

0 


0 


0 


ns 

13 

RxC t to RxD hold time (xl mode) 

ThRxD(RxC) 

140 


140 


100 


ns 

14 

RxC t to W/RDY I delay (ready mode) 

TdRxC(W/RRf) 

10 

13 

10 

13 

10 

13 

Ciock 

period 

15 

RxC t to INT I delay 

TdRxC(INT) 

10 

13 

10 

13 

10 

13 

Clock 

period 

16 

RxC t to SYNC i delay (output modes) 

TdRxC(SYNC) 

4 

7 

4 

7 

4 

7 

Clock 

period 

17 

SYNC i to RxC i setup 
(external sync modes) 

TsSYNC(RxC) 

-100 


-100 


100 


ns 


t Rising edge, i Falling edge 

Note: In all mode, the System Clock rate must be at least five times the maximum data rate. 


(4) AC timing chart ( I ) 
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■ Transmit and Receive Data Path 


CPU I/O 



Fig. 1 Transmit and receive data path 


■ Programming 

The system program first issues a series of com- 
mands that initialize the basic mode of operation 
and then other commands that qualify conditions 
within the selected mode. 

Both channels contain registers that must be 
programmed via the system program prior to op- 
eration. 

(1) Read Registers 

The SIO contains three read registers for Chan- 
nel B and three read registers for Channel A 
(RR0-RR2) that can be read to obtain the status in- 
formation. The status information includes error 
conditions, interrupt vector and standard communi- 
cations-interface signals 
• Read Register 0 (RR 0) 


d 7 

D 6 

D 5 

d 4 

Ds 

d 2 

Di 

Do 

Break 
/ abort 

Tx 

under- 

run 

/EOM 

CTS 

Sync 

/hunt 

DCD 

Tx 

buffer 

empty 

INT 
pending 
/ ch.A\ 
\only / 

Rx char- 
acter 
avail- 
able 


• Read Register 1 (RR 1) 

The RR1 contains the status bits for specific 
receiving coditions as well as the one-field fraction 
codes for the SDLC receive mode. 


Dr 

De 

d 5 

d 4 

D 3 

d 2 

Di 

Do 

End 

of 

frame 

CRC/ 

framing 

error 

Rx 

overrun 

error 

Parity 

error 

F raction 
code 

2 

Fraction 

code 

1 

Fraction 

code 

0 

All 

sent 

• Read Register 2 (RR 2) 

D 7 D6 D5 D4 D3 

d 2 

Di 

Do 

V 7 . 

Ve . 

v 5 

v 4 

V 3 

v 2 ] 

_lL J 

Vo | 


Valiable if “status affects 
vector” is programmed 


(2) Write Registers 

The SIO contains eight write registers for Chan- 
nel B and eight write registers for Channel A 
(WR0-WR7) that are programmed separately to 
configure the functional personality of the chan- 
nels. 
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• Write Register 0 (WR 0) 


d 7 

D« 

d 5 

d 4 

d 3 

d 2 

D, 

Do 

CRC 

reset 

code 

1 

CRC 

reset 

code 

0 

Command 

bit 

2 

Command 

bit 

1 

Command 

bit 

0 

Pointer 

bit 

2 

Pointer 

bit 

1 

Pointer 

bit 

0 











Control words 

V 

Register pointers 

• Write Register 1 (WR 1) 




Dy 

D 6 

d 5 

d 4 

d 3 

d 2 

Di 

Do 

Wait/ 

ready 

enable 

Wait/ 

ready 

function 

Wait/ 

ready 

onR/T 

Receive 
inter- 
rupt 
mode 1 

Receive 
inter- 
rupt 
mode 0 

Status 

affects 

vector 

Tx 

INT 

enable 

Ext 

INT 

enable 


• Write Register 4 (WR 4) 

The WR4 has the bits control both receivers and 
transmitters. 

In initializing for transmitting and receiving, 
these bits must be set up before the WR1, WR3, 
WR5, WR6, and WR7. 


d 7 

- Do 

D 5 

D 4 

D 3 

d 2 

Di 

Do 

Clock 

rate 

1 

Clock 

rate 

0 

Sync 

mode 

1 

Sync 

mode 

0 

Stop 

bit 

1 

Stop 

bit 

0 

Parity 

Even 

/ODD 

Parity 

enable 


• Write Register 5 (WR 5) 

The WR5 contains the bits (except for D 2 ) to 
control the transmitters. 


• Write Register 2 (WR 2) 

The WR2 contains the interrupt vector for both 
channels and is only in the Channel B. When the 
status affected vector (WR1, D 2 ) is 1, the vector 
from the SIO during the interrupt acknowledge cy- 
cle varies (V3 - Vi) depending on the interrupt con- 
ditions. The WR2 contents do not vary then. 

D? Do D5 D4 D3 D 2 Di Do 

| V? I V 6 I V 5 | v« I V 3 I Vz ! Vi 1 Vo i 

• Write Register 3 (WR 3) 

The WR 3 contains the bits and parameters to 
control the receivers. 


d 7 

D 6 

D 5 

d 4 

d 3 

d 2 

Di 

Do 

Rx bits 
char- 
acter 

1 

Rx bits 
char- 
acter 

Auto 

enable 

Enter 

hunt 

phase 

Rx 

CRC 

enable 

Address 

search 

mode 

Sync 
charac- 
ter load 
inhibit 

Rx 

enable 


d 7 

Do 

d 5 

D 4 

d 3 

d 2 

D, 

Do 

DTR 

Tx bits 
/char- 
acter 

1 

Tx bits 
/char- 
acter 

0 

Send 

break 

Tx 

enable 

CRC16 

/SDLC 

RTS 

Tx 

CRC 

enable 

• Write Register 6 (WR 6) 




d 7 

Do 

d 5 

d 4 

d 3 

d 2 

Di 

Do 

SYNC 

7 

SYNC 

6 

SYNC 

5 

SYNC 

4 

SYNC 

3 

SYNC 

2 

SYNC 

1 

SYNC 

0 

• Write Register 7 (WR 7) 




d 7 

Do 

D 5 

d 4 

d 3 

d 2 

Di 

Do 

SYNC 

15 

SYNC 

14 

SYNC 

13 

SYNC 

12 

SYNC 

11 

SYNC 

10 

SYNC 

9 

SYNC 

8 
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■ Timing 

(1) Read cycle 

The timing signals generated by a Z~80 CPU in- 
put instruction to read a data or status byte from 
the SIO are illustrated in Fig. 2. 

(2) Write cycle 

Fig. 3 illustrates the timing and data signals gener- 


ated by a Z-80 CPU output instruction to write a 
data or control byte into the SIO. 

{3) Interrupt cycle 

The interrupt-acknowledging and return-fr- 
om-interrupt cycles are of the same timing as for 
other Z80 peripherals. (Refer to the Z80 PIO.) 


T 3 Ti 



Fig. 2 Read cycle timing 
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LH0110/LH0U0A Floppy Disk Controller 


■ Description 

The LH0110 is a micro-program controlled 
Floppy Disk Controller (FDC) designed as one of 
the Z80 peripherals. 

The LH0110 is fabricated with N-channel sili- 
con-gate process technology, and packaged in a 
40-pin dual-in-line package. 

The LH0110 provides a TTL compatible inter- 
face and requires a single +5V power supply. 


■ Features 

1. Can be connected directly to the Z80 CPU bus 

• Daisy chain interrupt signal 

• Interrupt vector output 

• Recognition of the Z80 CPU RETI instruc- 
tion 

2. DMA or program controlled data transfers 

3. Separate clocks for system control and FDD 
control. 

4. Can be connected to other microprocessors 

5. IBM format compatible 

• Single-sided, Dual -sided (FM) 

Dual-sided double -density (MFM) 

• FM: 128, 256, 512 bytes/sector 
MFM: 256, 512, 1024 bytes/sector 

• 8, 15, 26 sectors/track 

6. Can control minifloppies (change the 2MHz 
FCLK to a 1MHz clock) 

7. Can control 2 dual-sided double-density floppy 
disk drives (4 single-sided drives) 

8. A wealth of commands including VERIFY 
command 

*Can be specified as head load or head unload 

9. A wealth of error status indicators available 
during command processing 

10. CRC generation and checking (X 16 +X 12 TX 5 +1) 

11. Deleted data address mark (DDAM) processing 
capabilities 

12. Multi-sector processing capabilities 

13. Signals generated for adjusting write data 
under MFM recording 

14. Inner track processing capabilities 

15. Stepping speed, head load time and head unload 
time after command processing are program- 
mable 


■ Pin Connections 


r 


d 4 u 


40) Vcc 

d 3 [7 

o 

39) Ds 

d 2 e 


H) De 

Di |T 


37) D? 

Do QF 


1 INT 

IEI |T 


ID MUXS 

US E 


34] RDY 

HDL E 


1 IDX 

HDS E 


D WP/TRo 

VFO [To 


ID FLT/TS 

LCT/DIR |H 


IEO 

rs 2 11 


H DRQ 

RSi 1 


1 FR/STP 

rso in 


D PSL 

CLOCK [H 


26| PSE 

mi d 


H WDA 

RD d 


23 WG 

CE d 


D RRD 

IORQ d 


1] WDW 

FCLK d 


11 GND 


V J Top View 


16. Interrupt enable and disable are programmable 

17. Window inversion is programmable 

18. Input/Output is TTL compatible (except for 
clocks) 
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Floppy Disk Controller 


LH0110/LH0110A 


■ Pin Description 


Pin 

Meaning 

I/O 

Function 

Do'-'Dy 

Data bus 

Bidirectional 

3 -state 

System data bus 

RSo~RS2 

Register select 

I 

Used to select FDC internal register (RR0-RR6, WRO- 
WR7). 

Ml 

Machine cycle 1 

1 

Active low. Produced by ANDing Ml and RESET* of 
CPU. Active Ml with IORQ causes interrupt. 

RD 

Read cycle 

I 

Active low. Read operations proceed when active. 

CE 

Chip enable 

I 

Active low. Command or data transactions with CPU 
possible when active. 

IORQ 

I/O request 

I 

Active low. Active RD designates read operation ; inac- 
tive RD designates write operation. 

Interrupt occurs when IORQ and Ml are simultaneously 
active. 

CLOCK 

System clock 

I 

Standard Z80 system clock is used as internal sync 
signal. 

FCLK 

FDC clock 

I 

2-MHz clock is used for synchronizing FDD control sig- 
nal(l-MHz clock for mini floppy control). 

IEI 

Interrupt enable input 

I 

Active high. Used to form interrupt priority arbitration 
loop circuit (daisy chain). 

IEO 

Interrupt enable output. 

0 

Active high. Used with IEI to form daisy chain. 

INT 

Interrupt request 

Open-drain 0 

Active low. Active when placing interrupt request. 

DRQ 

Data request to DMA 

0 

Active high. Data request signal for transactions be- 
tween FDC and DMA. 

MUXS 

Multiplex 

0 

Multiplexer select signal. 

WP/TRo 

Write protect/track zero 

I 

Active high. WP signal at high MUXS, indicating that 
mounted diskette is write-protected. TRo signal at low 
MUXS, indicating that the head is positioned at track 0. 

FLT/TS 

Fault/2-side disk 

I 

Active high. FLT signal at high MUXS, indicating fault 
status of FDD. TS signal at low MUXS, indicating that 
2-side disk is mounted. 

FR/STP 

Fault reset/step 

0 

Active high. FR signal at high MUXS, resetting fault sta- 
tus of FDD. STP signal at low MUXS, indicating seek. 

LCT/DIR 

Low current/direction 

0 

Active high. Connected to FDD low current input and 
direction input. Denotes LCT signal except when seek 
command is in effect, becoming high when head selects a 
cylinder above track 44. DIR signal during seek com- 
mand, becoming high when seek direction is toward disk 
center (from perimeter). 

RDY 

Ready 

I 

Active high. FDD ready signal 

IDX 

Index 

I 

Active high. Indicates the physical starting point on the 
disk track. 

HDS 

Head select 

0 

With double-sided FDD, low HDS selects head 0 ; high 
HDS selects head 1. With single-sided FDD, HDS can be 
used as FDD select signal. 

HDL 

Head load 

0 

Active high. Puts the FDD head in load state. 

US 

Unit select 

0 

Active high. Selects FDD unit. 

WG 

Writing gate 

0 

Active high. Write command to FDD. 

WDA 

Write data 

0 

Active high. Serial data transferred to FDD. 

RRD 

Read data 

I 

Active high. Serial data from FDD. 

WDW 

Window 

I 

Released by VFO circuit, used in separating RRD data 
and clock. 
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Pin 

Meaning 

I/O 

Function 

VFO 

VFO control 

0 

Active high. Advises lock timing to VFO circuit. 

PSL 

Pre-shift 

0 

Active high. Write correction signal in MFM mode, in- 
structing external write-correction circuit to delay 
WDA. Maintains active status in FM mode. 

PSE 

Pre-shift early 

0 

Active high. Write-correction signal in MEM mode, in- 
structing external write-correction circuit to accelerate 
WDA. Maintains active status in FM mode. 


* Resetting FDC FDC has no reset terminal, but by maintaining Ml at low for more than 2-clock lengths when both IORQ and RD. are high, 

the FDC’s internal reset flag is set and FDC reset is in effect. Reset status can be released by making access to an FDC register. 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

(V C c=5V±5%,Ta=0~ + 70°C) 

Input voltage 

V,N 

— 0.3 — VI 

V 

Output voltage 

VoUT 

— 0.3 — VI 

V 

Operating temperature 

Toor 

0- + 70 

°c 

Storage temperature 

Xstg 

-55- + 150 

°c 

■ DC Characteristics 

Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Clock input low voltage 

V C L 


-0.3 


0.45 

V 

Clock input high voltage 

V C H 


Vcc-0.6 


Vcc + 0.3 

V 

Input low voltage 

V, L 


-0.3 


0.8 

V 

Input high voltage 

V,H 


2.0 


Vcc 

V 

Output low voltage 

VoL 

Iol == 2.0mA 



0.4 

V 

Output high voltage 

VoH 

I OH = — 250 juA 

2.4 



V 

Input leakage current 

1 II. 1 

0SV in =£V cc 



10 

juA 

Data bus I/O leakage current 

Hz I: 

0^V IN ^Vcc 

i 


10 

M 

Supply current 

Icc 


LH0110 



170 

mA 

LH0110A 



180 

■ Capacitance (f=iMHz,Ta=25'C) 


Parameter 

Symbol 

Conditions 

MIN. 

MAX. 

Unit 

Clock input capacitance 

Cclock 

All pins except the one to be 
tested should be grounded. 


10 

pF 

Input capacitance 

Cm 


7 

pF 

Output capacitance 

Cout 


10 

pF 

Input/Output capacitance 

Ci/o 


12 

pF 
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•a 


■ AC Characteristics 


(1) CPU interface (V CC =5V±5%, Ta=o~+70”C) 


No. 

Parameter 

Symbol 

| LH0110 

LH0110A | 

Unit 

MIN. 

MAX. 

MIN. 

MAX. 

1 

Clock period 

TcC 

400 

HI 

250 

m 

ns 

2 

Clock pulse width, high 

TwCh 

170 

2000 

105 

2000 

ns 

3 

Clock pulse width, low 

TwCl 

170 

2000 

105 

2000 

ns 

4 

Clock rise time 

TfC 

0 

30 

0 

30 

ns 

5 

Clock fall time 

TrC 

0 

30 

0 

30 

ns 

6 

Hold time 

Th 

0 


0 


ns 

7 

Setup time to clock t under read/write cycle. 

TsCE(C) 

240 


145 


ns 

8 

Delay time from RD i to data output under 
read cycle. 

TdRI(DO) 


500 


380 

ns 

9 

Data setup time to clock t under write/M 1 
cycle. 

TsDI(C) 

50 


50 


ns 

10 

Delay time from IORQ 1 to data output 
(interrupt cycle). 

TdlO(DIO) 


340 


160 

ns 

11 

Delay time to bus floating. 

TdRI(DOs) 


160 


110 

ns 

12 

IEI setup time to IORQ 1 (interrupt cycle). 

TsIEI(IO) 

200 


140 


ns 

13 

Delay time from IEI t to IEO t . 

TdlEI(IEOr) 


210 


160 

ns 

14 

Delay time from IEI I to IEO i 

TdlEI(IEOf) 


190 


130 

ns 

15 

Delay time from Ml i to IEO i 
(at interrupt before Ml i ) 

TdMl(IEO) 


300 


190 

ns 

16 

Ml 1 setup time to clock t under INTA/M1 
cycle. 

TsMl(Cr) 

210 


90 


ns 

17 

RD i setup time to clock t under read/Ml 
cycle. 

TsRI(C) 

240 


115 


ns 

18 

Delay time from FCLK 1 to INT output 

TdC(INT) 


300 


300 

ns 

19 

IORQ J setup time to clock t under I/O 
cycle. 

Ts(IO) 

240 


115 


ns 


(1) TcC=TwCh + TwCI + TfC + TrC. 
t indicates rising edge, 1 indicates falling edge. 
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(2) FDD interface 


No. 

Parameter 

Symbol 

| LH0110/LH0110A | 

Unit , 

MIN. 

TYP. 

MAX. 

20 

FDC clock period, standard floppy disk 

TcFC 


500 


ns 

FDC clock period, minifloppy disk 


1000 


ns 

21 

FDC clock pulse width, high 

TwFCh 

220 



ns 

22 

FDC clock pulse width, low 

TwFCl 

220 



ns 

23 . 

FDC clock rise time 

TfFC 



30 

ns 

24 

FDC clock fall time 

TrFC 



30 

ns 

25 

Delay time from FDC clock t 

TdPS(FC) y 



280 

ns 

26 

Delay time from FDC clock t 
(FDC clock 1 , in the case of MFM) 

TdWDA(FC) 



170 

ns 

27 

Write data pulse width, MFM 

TwWDA 


250 


ns 

Write data pulse width, FM 


500 


ns 

28 

Step pulse width 

TwSTP 


12 


/IS 

29 

Step period 

TcSTP 

1 



ms 

30 

Fault reset pulse width 

TwFR 


12 


^s 

31 

Delay time from clock t to fulfill IORQ 
setup time / 

TdDRQ(FC) 



230 

ns 

32 

Data request period, MFM 

TcDRQ 


16 


/IS 

Data request period, FM 


32 


/IS 

33 

Index pulse width 

TwIDX 

50 



/IS 

34 

Read data pulse width 

TwRRD 

100 



ns 

35 

WDW setup time to read data 

TsWDW(RRD) 

100 



ns 

36 

WDW hold time from read data 

ThWDW(RRD) 

100 



ns 

37 

Window cycle time, MFM 

TcWDW 


1 



Window cycle time, FM 


2 


/IS 

38 

Delay time from FDC clock 1 to VFO 

TdVFO(FC) 



150 

ns 


t indicates rising edge, 1 indicates falling edge. 
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■ AC Timing Diagram 


“High “Low” 

Timing test level : CLOCK Vcc-0.6V 0.45V 

OUTPUT 2.0V 0.8V 

, INPUT 2.0V 0.8V 

FLOAT JV 0.5V 
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Floppy Disk Controller 


LH0110/LH0110A 


■ Internal Structure 

The FDC consists of a CPU bus interface, in- 
ternal control circuit (microprogram controlled), in- 
terrupt control circuit and floppy disk drive (FDD) 
control circuit. The interrupt control circuit arbi- 
trates device priority and produces interrupt vec- 
tors. 

The FDC has the registers: 

• Two 8"bit data registers (RRO, WRO) 

• Six 8-bit status registers (RR1, RR6) 

• Seven 8~bit control registers (WR1-WR7) 


■ FDC Registers 

(1 ) FDC readout registers 

Among the seven FDC readout registers RRO- 
RR6, RR3 and RR4 are cleared at the beginning of 
each command. The registers have the functions 
listed in Table 1. 


Table 1 FDC readout register functions 


Register 

Function 

RRO 

Data buffer 

PR1 

Control status 

RR2 

DMA control status; FDD control status 

PR3 

Error status, A 

RR4 

Error status, B 

PR 5 

Physical track address 

PR6 

Sector address 


• Read Register 0 (RRO) 

| P 7 | P 6 | Ds | D< | Da | Dz | Pi | Do | 

Buffer register for latching data readout from FDD 



Head selection ) 

Unit selection > Correspond to D 7 -D 5 of WR3 
Status selection J 

Deleted data address mark (DDAM) detection 
(cleared at beginning of each command) 

Seek (remains “1 ’during command execution) 
Error B (ORed bits of RR4) 

Error A (ORed bits of RR3) 

Command end (set by reading RR1) 


• Read Register 2 (RR2) 



DRQ 

HDL 

MUXS 

FLT/TS 

WP/TRo 

IDX 

RDY 


(indicate the status of FDD coutrol signals) 


FDC ready (remains “O ’ during command execution) 
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• Read Register 3 (RR3) 

1 P 7 | P 6 | Ds I E»4 | P 3 I Dz | Pi | Do | 

I — Missing data transfer (no data transfer between DRQs) 

r Missing DAM reception (no DAM reception after ID and sync field detection) 

Missing sync field reception (no sync field reception 

within stated bytes after ID detection) 

Seek error /inconsistency error (TRo=0 after stated number of step pulses sent 

by SEEK ZERO command inconsistency of data detected by VERIFY command) 
Write error (FLT = 1 after writing into FDD) 

Fault error (FDD fault status when initiating WRITE , 

WRITE WITH DDAM or WRITE ID command) 

Write protect error (write-protected status when initiating WRITE , 

WRITE WITH DDAM or WRITE ID command) 
Not Ready error (FDD not ready at command initiation.) 


Read Register 4 (RR4) 


Ds I D 4 


~dT| 




CRC error (data field) 

CRC error (ID field) 

DDAM error (DDAM detected by READ command) 
Undefined record length'(ID field data size is not defined.) 
Side error (inconsistent side data in ID field) 


■^-Address error (track data in ID field inconsistent with WR4) 

— Defective track (track data in ID field is FFh) 

— Missing ID detection (target ID remains undetected after 5 IDX receptions) 


• Read Register 5 (RR5) 

1 P 7 | P 6 | P 5 I P 4 ) p 3 1 Dz | D, 1 Do | 

Current physical track address 

Unused (0) 


• Read Register 6 (RR6) 

| P 7 | De | Ds | P4 1 P 3 | p 2 | Pi | Do | 

Sector address following access 

7 Unused (0) 


Table 2 FDC write register functions 


(2) FDC writing registers 

Among the eight registers WR0-WR7 written in 
by CPU, WR1, WR3, WR5 and WR6 do not accept 
writing when FDC is busy. Tte registers have the 
functions listed in Table 2. 


Register 

Function 

WRO 

Data buffer 

WR1 

Command designation 

WR2 

Time setting 

WR3 

Number-of-sectors designation and pin control 

WR4 

Logical track address 

WR5 

Physical track address 

WR6 

Sector address 

WR7 

Interrupt vector 
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Write Register 0 (WRO) 


Write Register 6 (WR6) 


| D? | De I Ds | P4 | P 3 | P 2 | Pi | Do | 

— Buffer register for data sent to FFD 


Write Register 1 (WR1) 


| P 7 I p 6 | Ds I I>4 I p 3 I p 2 I Dll Do I 

I — FDC command 

^-Window inversion (inversion prevented by 0 ) 
— Index count (index pulse count after command 
completion until head unloading • 0 for 2 pulses 
; 1 for 5 pulses) 

— MFM/FM 

EI/DI interrupt enable flag 

Write Register 2 (WR2) 


I D? | De 


Ds | D< | P 3 1 Dz | Di| DTI 

I — Step rate time 

(N ms for value N; 20 ms 
for value N=0) 


1— Head load time (4M ms for value M; 64 ms for 
value M=0) 

(time length is doubled for mini floppy disk) 


Write Register 3 (WR3) 

| P 7 | P 6 I Ds I P4 | Do | P 2 | Pi | Do | 

Number of sectors for 
L continuous access 

HDS | 

US (FDD signal control) 

MUXS j 


Write Register 4 (WR4) 

| Dr | P 6 | Ds | P 4 | P 3 | Da I Pi I Do | 

I — Track address (seek track address 
under SEEK command; track address 
in ID field in other commands) 


* Unused 


Write Register 5 (WR5) 


j D7 | ■ De 1 Ds 1 D4 1 D3 1 D2 1 Pi) Dp | 

l — Physical track address (same as RR5) 


Unused 


1 P 7 1 P 6 1 Ds 1 P 4 1 D 3 1 P 2 I Pi 1 Do I 

| Sector address to be 
accessed (same as RR6) 


* Unused 


Write Register 7 (WR7) 

| P 7 I P 6 1 P 5 1 P 4 I Ds 1 P 2 I Pi 1 Do | 

L Interrupt vector (read out at INTA) 


■ Commands 

(1) Brief description 

® SEEK ZERO (0000/1) 

Draw the head up to track 00. With command 
having LSB = 0, task is excuted while retaining the 
head unload status ; with LSB=1, it is excuted 
while retaining the head load status. 

(D SEEK (0010/1) 

Move the head to specified track. With LSB = 0, 
task is execused while retaining the head unload 
status ; with LSB=1, it is executed while retaining 
head load status. 

(D READ (0100) 

Read data from specified sector and transfer 
each byte in data section to main system. When 
data address mark is DDAM, operation is termin- 
ated as DDAM error. 

® READ DDAM (0101) 

Same as READ command, except that address 
DAM causes DDAM error, while DDAM does not 
cause error. 

© READ BOTH (0110) 

Same as READ command, except that address 
mark DDAM does not cause error. 

© READ CRC (0111) 

Same as READ BOTH, except that data is not 
transferred to main system. 

® VERIFY (1000) 

Compare each byte in data section read out from 
a specified sector with the corresponding byte of 
data received from main system. 

® READ ID (1001) 

Read out data in ID section of specified track and 
transfer each byte to main system. 

® WRITE (1010) 

Write each byte of data received from main sys- 
tem into specified sector. 
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® WRITE WITH DDAM (1011) 

Same as WRITE command, except that DDAM 
and not DAM is written as address mark. 

© WRITE ID1 (1100) 

@ WRITE ID2 (1101) 

© WRITE ID3 (1110) 

Write initialization (ID section) and gaps of spe- 
cified track. In this command, data section is filled 
with gaps. 


WRITE ID1 26 sectors/track (FM: 128 bytes/ 
sector; MFM: 256 bytes/septor) 

WRITE ID2 15 sectors/track (FM: 256 bytes/ 
sector; MFM: 512 bytes/sector) 

WRITE ID3 8 sectors/track (FM: 512 bytes/sec- 
tor; MFM: 1024 bytes/sector) 

© RESET STATUS (1111) 

Initialize floppy disk drives. 


(2) Commands and error status register A 


Command 

Error status 

SEEK 

ZERO 

SEEK 

READ 

READ 

DDAM 

READ 

BOTH 

READ 

CRC 

VERIFY 

READ 

ID 

WRITE 

WRITE 

WITH 

DDAM 

WRITE 

ID 

1,2,3 

RESET 

STATUS 

DB7 

Not-rea- 

dy-error 

X 

o 

o 

O' 

o 

o 

o 

o 

o 

o 

0 

X 

DB6 

Write pro- 
tect error 

X 

X 

X 

X 

X 

X 

X 

X 

o 

0 

0 

X 

DB5 

Fault error 

X 

X 

X 

X 

X 

X 

X 

X 

o 

o 

o 

X 

DB4 

Write error 

X 

X 

X 

X 

X 

X 

X 

X 

• o 

0 

0 

X 

DB3 

Seek error 

o 

X 

X 

X 

X 

X 

x 

X 

X 

X 

X 

X 

Inconsisten- 
cy error 

X 

X 

X 

X 

X 

X 

o 

X 

X 

X 

X 

X 

DB2 

Missing 
sync field 
reception 

X 

X 

o 

o 

o 

o 

o 

X 

X 

X 

X 

X 

DB1 

Missing 

DAM 

reception 

X 

X 

o 

o 

o 

o 

o 

X 

X 

X 

X 

X 

DB0 

Missing 

data 

transfer 

X 

X 

o 

o 

o 

X 

o 

o 

o 

o 

0 

X 


(3) Commands and error status register B 


n. Command 

Error status 

SEEK 

ZERO 

SEEK 

READ 

• 

READ 

DDAM 

READ 

BOTH 

READ 

CRC 

VERIFY 

READ 

ID 

WRITE 

WRITE 

WITH 

DDAM 

WRITE 

ID 

1,2,3 

RESET 

STATUS 

DB7 

Missing ID 
detection 

X 

X 

o 

o 

o 

o 

o 

o 

o 

o 

X 

X 

DB6 

Defect track 

X 

X 

o 

o 

o 

o 

o 

X 

0 

o 

X 

X 

DB5 

Address 

error 

X 

X 

o 

o 

o 

o 

o 

X 

o 

o 

X 

X 

DB4 

Side errdr 

X 

X 

o 

o 

o 

o 

o 

X 

o 

o 

X 

X 

DB3 

Undefined 

record 

length 

X 

X 

-o 

o 

o 

o 

o 

X 

o 

o 

X 

X 

DB2 

DDAM 

error 

X 

X 

o 

o 

X 

X 

X 

X 

X 

X 

X 

X 

DB1 

CRC error 
(ID field) 

X 

X 

o 

o 

o 

o 

o 

O' 

o 

o 

X 

X 

DB0 

CRC error 
(data field) 

X 

X 

o 

o 

o 

o 

o 

X 

X 

X 

X 

X 
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■ CPU Interface Timing 

(1) FDC write cycle 



IORQ 1 | 

RSo 

rs 2 t r 

CE 

mT,rd 

Do~D7 X / 


(2) FDC read cycle 


CLOCK 


IORQ 

CE 

RSo 

RS 2 


Ml 


RD 


Do ~ D 7 



(3) Interrupt acknowledge cycle 

Ti T 2 Tw* T w * T 3 T 4 



Do ~ D7 


Vector 


(4) 

CLOCK 

Ml 

RD 

Do~D 7 


Interrupt return cycle 

Ti T 2 T 3 T 4 Ti T 2 T 3 T 4 



I El 

IEO 
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■ FDD Interface Timing 

(1) READ, READ DDAM, READ BOTH, READ CYC, VERIFY, READ ID command timing 


US 

HDS 

MUXS 

RDY 

LCT 

HDL 


VFO 

1 Sync 1 ID [ |Sync| ^ 1 | Sync j ID | 

Gap Data section Gap 


Command termination 


r No head load wait time needed if preceeding command was 
a read/write command. 


Falls if next command 
is not issued within a 
certain time span. 


i r 


i r 




(2) PSL and PSE timing 


FCLK 


WDA 

n 


n 

n 


n . 

PSL 

D 

C D 

C D 

C 

D 

C D 



J i 




PSE 










J 

1 





MFM mode 




FCLK 


WDA 

i — i 

i — i 

I — | 



i — i 

PSL 

C 

D 

C 


D 

C 

PSE 

High 


FM mode 
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(3) WRITE ID1, WRITE ID2, WRITE ID3 command timing 


us ; 

HDS J 
MUXS. 
RDX 
LCT ' 
HDL ' 
IDX 

WG - 
WDA 
PSE 
PSL 






Command termination- 

^ ii 


it 


tat 


-No head load wait time needed if preceeding command was 
a read/write command. 

J I u u 


rUt-r 


““Falls if next command 
is not issued within 
a certain time span. 


I 


1 Valid (i 

(( |l 

Dc= 

X vHId II J' 

a 

Pc= 


ID 


I III G a P (\ I s y nc I I Gap 


Gap Sync 


ID 


(4) WRITE, WRITE WITH DDAM command timing 




us X tf ( 




HDS x It i 




MUXS ^ — | ’ Command termination -"A 

KDY / ” > 

— 

LCT ' X (( (l 



1 Falls if next command 

HDL / • • 

nd was VfTis not issued within 
a certain time span. 

_J a read/write command. 

VFO / V / \.. 



WG / \ « 


wda y vffid y tt 



PSL X Valid X ^ 




i i ttttT)S i Ga p i rn 

Sync ID j \ Data section Sync ID 

Gap Sync 
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(5) RESET STATUS command timing 



(6) SEEK ZERO command timing 



(7) SEEK command timing 
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■ System Configuration 



■SHARP 
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LH5080/LH5080L/LH5080LM 

Z80 CMOS Central Processing Unit 


■ Description 

The LH5080 is Z80 CPU fabricated with CMOS 
silicon-gate process technology and is fully com- 
patible with the conventional NMOS Z80 CPU 
(LH0080). 

The LH5080 is designed with CMOS fully static 
circuits and so provides low power consumption 
and wide range power supply voltage operation. 

The LH5080L/LH5080LM provides power save 
mode controlled by software. 


■ Features 

1. Z80 CMOS CPU 

2. Fully compatible with the NMOS Z80 CPU 
(LH0080) 

3. 158 instructions 

4. 22 registers 

5. 3 modes of maskable interrupt and a nonmask- 
able interrupt 

6. Instruction fetch cycle 1.6 /is 

7. Single +5V power supply and single phase 
clock 

8. All inputs and outputs except clock input fully 
TTL compatible 

9. Fully static operation (DC~2.5MHz) 

10. Low power consumption 

11. Power save mode (LH5080L/LH5080LM) 

12. 40-pin dual-in-line package 
(LH5080/LH5080L) 

13. 44-pin quad-flat package (LH5080LM) 


Note: The Z80 CMOS CPU (LH5080/LH5080L/LH5080LM) is 
compatible with the Z80 NMOS CPU (LH0080). So there is 
no description here about the pins, CPU registers, 
architecture, interrupts, basic timings, and instruction, sets. 
Refer back to the Z80 NMOS CPU described earlier. 


■ Pin Connections 


LH5080/LH5080L 

r \ 


An Cl 

o 

40| Aio 

A 12 [7 

3^ A9 

Al3 E 


38) As 

An GE 


37) Ar 

a 1 5 DE 


36) Ae 

CLOCK |T 


H As 

D. E 


34] A 4 

D 3 |I 


33) As 

DsE 


1 

Dell 


1 A, 

+ 5V G3 


13 Ao 

Dz m 


MjGND 

DziH 


D RFSH 

Do[Tjj 


11 Ml 

Di mi 


H RESET 

INT El 


H BUSRQ 

NMI E 


H WAIT 

HALT E 


U BUSAK 

MREQ tH 


m WR 

IORQ E 

V J 

1 RD 

Top View 


LH5080LM a 


O<<<<<<<<<< 

[33}[32l[3ll[30l[29l|28l(27l|26l[25l|24l{23l 


INT E 

r \ 

gGND 

- NMI d 


HD] 

HALT (36 


20 ] Do 

MREQ HZ 


T9)D 7 

IORQ 1 


ID 2 

RD 1 


mvcc 

Wr E 


H) d 6 

BUSAK El 


HlDs 

WAIT m 


IDs 

BUSRQ 1 

0 

/ 

ID 4 

NC E 

m CLOCK 


QJL1IL3JL4JL5J[6JL7JL8JL1J1101 M 

y lh IE I* 0 < < < <2 <2 < 


O 

E- \zl 

X Q 

Z 

W |S 

CD Z 


CC 

fc O 


W 

VC 


VC 
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Block Diagram 


Halt State 
Memory Request 
Input /Output Request 
Read 
Write 

Bus Acknowledge 
Machine Cycle 1 
Refresh 

Interrupt Request 
Non Maskable Interrupt 

Wait 
Bus Request 
Reset 


System Data Bus 



Vcc GND System 
(+5V) (ov) Clock 


System Address Bus 
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■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Input voltage 

V,N 

— 0.3 — VI 

V 

Output voltage 

VoUT 

-0.3- + 7 

V 

Operating temperature 

T„ pr 

0 — 1-70 

°C 

Storage temperature 

Tst* 

— 65 — b 150 

°C 


■ DC Characteristics (V cc =5V±io%,Ta=o~+70t:) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Clock input low voltage 

Vilc 


-0.3 


0.45 

V 


Clock input high voltage 

Vihc 


V cc -0.6 


Vcc +0.3 

V 


Input low voltage 

V,L 


-0.3 


0.8 

V 


Input high voltage 

V,„ 


2.4 


Vcc 

V 


Output low voltage 

V 0 L 

I OL = 1.8mA 



0.4 

V 


Output high voltage 

VoH 

Ioh — — 250 fJ-A 

2.4 



V 


Current consumption 

Icc 

(Note) 


10 


mA 


Input leakage current 

1 Iu 1 

V IN =0V, Vcc 



10 

M 

1 

3 -state output leakage current 

1 Iloh 1 

VoUT = V CC 



10 

M 

2 

3-state output leakage current 

1 Ilol 1 

Vout = 0V 



10 

M 

2 

Data bus leakage current 

1 Ild 1 

0SV IN iV cc 



10 

M 


Current consumption in PS 
mode (LH5080L/LH5080LM) 

Iccps 

V IH = 0V,V cc 

Output pin open 



50 

150 

M 



Note: TcC — 400n s, VrL = 0.4V, Vih = Vcc— 0.4 V, output pin open. 

Note 1 : The INT , WAIT, NMI and (BUSRQ) pins are arranged as shown below. Note 2: The A 0 -A 3 pins are arranged as shown below. 



-Vcc 




P>- 


N+h 


-C>°T^ 


Note 1 and 2 : The Do~D7 pins are arranged as shown below.- 



■ Ca 

pacitance 



(f=lMHz, Ta=25°C) 

Symbol 

Parameter 

MAX. 

Unit 


Cclock 

Clock capacitance 

5 

pF 

Unmeasured pins returned 
to ground 

ClN 

Input capacitance 

6 

pF 

CoUT 

Output capacitance 

10 

pF 
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■ AC Characteristics (V C c=5v±io%,Ta=o~+70°C) 


No. 

Parameter 

Symbol 

MIN. 

MAX. 

Unit 

1 

Clock cycle time 

TcC 

400* 


ns 

2 

Clock pulse width (high) 

TwCh 

180* 


ns 

3 

Clock pulse width (low) 

TwCl 

180 


ns 

4 

Clock fall time 

TfC 


30 

ns 

5 

Clock rise time 

TrC 


30 

ns 

6 

Clock t to address valid delay 

TdCr (A) 


145 

ns 

7 

Address valid to MREQ i delay 

TdA (MREQf) 

125* 


ns 

8 

Clock i to MREQ j delay 

TdCf (MREQf) 


100 

ns 

9 

Clock t to MREQ f delay 

TdCr (MREQr) 


100 

ns 

10 

MREQ pulse width (high) 

TwMREQh 

170* 


ns 

11 

MREQ pulse width (low) 

TwMREQl 

360* 


ns 

12 

Clock i to MREQ t delay 

TdCf (MREQr) 


100 

ns 

13 

Clock 1 to RD I delay 

TdCf (RDf) 


130 

ns 

14 

Clock t to RD t delay 

TdCr (RDr) 


100 

ns 

15 

Data setup time to clock t 

TsD (Cr) 

50 


ns 

16 

Data hold time after RD t 

ThD (RDr) 

15 


ns 

17 

WAIT setup time to clock i 

TsWAIT (Cf) 

70 


ns 

18 

WAIT hold time after clock 1 

ThWAIT (Cf) 

15 


ns 

19 

Clock t to Ml 1 delay 

TdCr (Mlf) 


130 

ns 

20 

Clock t to Ml t delay 

TdCr (Mir) 


130 

np 

21 

Clock f toRFSH i delay 

TdCr (RFSHf) 


180 

ns 

22 

Clock t to RFSH t delay 

TdCr (RFSHr) 


150 

ns 

23 

Clock | to RD t delay 

TdCf (RDr) 


110 

ns 

24 

Clock t to RD 1 delay 

TdCr (RDf) 


100 

ns 

25 

Data setup to clock t during 

M 2 , M 3 , M 4 or M 5 cycles 

TsD (Cf) 

60 


ns 

26 

Address stable prior to IORQ 1 

TdA (IORQf) 

320* 


ns 

27 

Clock t to IORQ i delay 

TdCr (IORQf) 


90 

ns 

28 

Clock | to IORQ t delay 

TdCf (IORQr) 


110 

ns 

29 

Data stable prior to WR i (memory cycle) 

TdDm (WRf) 

190* 


ns 

30 

Clock i toWR i delay 

TdCf (WRf) 


90 

ns 

31 

WR pulse width 

TwWR 

360* 


ns 

32 

Clock I to WR t delay 

TdCf (WRr) 


100 

ns 

33 

Data stable prior to WR i (I/O cycle) 

TdDi (WRf) 

20* 


ns 

34 

Clock t to WR l delay 

TdCr (WRf) 


80 

ns 

35 

Data stable from WR t 

TdWRr (D) 

120* 


ns 

36 

Clock i to HALT t 

TdCf (HALT) 


300 

ns 

37 

NM1 pulse width 

TwNMI 

80 


ns 

38 

BUSREQ setup time to clock t 

TsBUSRQ (Cr) 

80 


ns 

39 

BUSREQ hold time after clock t 

ThBUSRQ (Cr) 

15 


ns 

40 

Clock t toBUSACK l delay 

TdCr (BUSAKf) 


120 

ns 

41 

Clock 1 toBUSACK t delay 

TdCf (BUSAKr) 


110. 

ns 

42 

Clock t data float delay 

TdCr (Dz) 


90 

ns 

43 

Clock t to control output float 
delay (MREQ, IORQ, RD, and WR) 

TdCr (CTz) 


no 

ns 


t Rising edge, i Falling edge. 
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No. 

Parameter 

Symbol 

MIN. 

MAX. 

Unit 

44 

Clock t to address float delay 

TdCr (Az) 


no 

ns 

45 

MREQ t , IORQ t , RD t , and 

WR t to address hold time 

TdCTr (A) 

160* 


ns 

46 

RESET to clock t setup time 

TsRESET (Cr) 

90 


ns 

47 

Clock t to RESET hold time 

ThRESET (Cr) 

15 


ns 

48 

INT to clock t setup time 

TsINTf (Cr) 

80 


ns 

49 

Clock t to INT hold time 

ThINTr (Cr) 

15 


ns 

50 

Ml 1 to IORQ 1 delay 

TdMIf (IORQf) 

920* 


ns 

51 

Clock 1 to IORQ 1 delay 

TdCf (IORQf) 


no 

ns 

52 

Clock t to IORQ t delay 

TdCf (IORQr) 


100 

ns 

53 

Clock 1 to data valid delay 

TdCf (D) 


230 

ns 


t Rising edge, I Falling edge 

* For clock periods other than the minimums shown in the table, calculate parameters using the expressions in the table on 
the following page. 

* All timings are preliminary and subject to change. 


Footnotes to AC Characteristics 


No. 

Symbol 

Formula 

1 

TcC 

TwCh + TwCl + TrC + TfC 

2 

TwCh 

MAX. 200 jks 

7 

TdA (MREQf) 

TwCh + TfC -75 

10 

TwMREQh 

TwCh+TfC— 30 

11 

TwMREQl 

TcC -40 

26 

TdA (IORQf) 

TcC -80 

29 

TdD (WRf) 

TcC — 210 

31 

TwWR 

TcC -40 

33 

TdD (WRf) 

TwCl + TrC— 180 

35 

TdWRr (D) 

TwCl+TrC-80 

45 

TdCTr (A) 

TwCl + TrC-40 

50 

TdMIf (IORQf) 

2TcC+TwCh + TfC-80 


AC Test Conditions 

• Input voltage amplitude : 0.4V to 2.8V 

• Input signal rise and fall time : 10 ns 

• Clock input voltage amplitude : 0.4V to 
Vcc— 0.6V 


• Input judge level : 0.8V and 2.0V 

• Output judge level : 0.8V and 2.0V 

• Output load : ITTL+100 pF 


Output Pins Measuring Circuit 



CRi~CR 4: IN914 or eguivalent 
Ci: 50pF for all pins 
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LH5080/LH5080L/LH5080LM 


Z80 CMOS Central Processing Unit 


I Power Save Function is then cleared and the reset just as before is 


The LH5080L/LH5080LM features the power 
save (PS) function. After a HALT instruction has 
been executed, the internal clock signal is automati- 
cally cut off to bring the CPU into the halt mode. 

(1) PS mode setting 

With a HALT instruction executed, the PS mode 
will be automatically established. In this mode, the 
internal clock signal is cut off to save the power 
consumed for the clock signal operation. Cutting an 
external clock signal does not give any problem in- 
side, therefore, in this mode. To cut off the external 
clock, it is possible to utilize the rise timing of a 
HALT signal output. It should be noted, however, 
that this timing cannot be used to restart the exter- 
nal clock. 

In the PS mode, the bus request (BUSRQ) is not 
accepted and the memory refresh is not done, 
either. 



(2) PS mode clear 

The PS mode is cleared by any of the follo wing; 
reset (RESET), non- mask able interrupt (NMI) and 
maskable interrupt (INT). 

When the external clock is shut down in the PS 
mode, a stable clock signal must be input before 

clearing the PS mode. 

(i) Clearing with RESET: Input the RESET sig- 
nal for more than 3 clock cycles. The PS mode 


carried out. _ 

(ii) Clearing with NMI: Input the NMI signal 

(edge trigger) to clear the PS mode and to car- 
ry out the instruction next to the HALT. Now 
the non-maskable interrupt processing routine 
will be introduc ed. 

(iii) Clearing with INT: Input the INT signal 
(level trigger) regardless of which state the in- 
terrupt enable flag is in. The PS mode is now 
cleared and the HALT instruction execute d. If 
the interrupt enable flag is set up and the INT 
signal is “Low” at the clock pulse rise timing 
in the last clock cycle of the HALT instruction, 
the maskable interrupt processing routine will 
be introduced as the next machine cycle. 
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Z80 CMOS Parallel I/O Controller 


LH5081 /LH5081 L/LH5081 LM 


LH5081/LH5081L/LH5081LM 


Z80 CMOS Parallel I/O Controller 

■ Description 

The LH5081 is Z80 PIO fabricated with CMOS 
silicon gate process technology and is fully com- 
patible with the conventional NMOS Z80 PIO 
(LH0081). 

The LH5081 is designed with CMOS fully static 
circuits and so provides low power consumption 
and wide range power supply voltage operation. 

The LH5081L/LH5081LM provides power save 
mode controlled by softwave. 


■ Features 

1. Z80 CMOS PIO 

2. Fully compatible with NMOS Z80 PIO 
(LH0081) 

3. Tow independent 8-bit bidirectional peripheral 
interface ports with handshake data transfer 
control 

4. 4 programmable operating modes 

• Byte input mode 

• Byte output mode 

• Byte bidirectional bus mode (Port A only) 

• Byte control mode 

5. Programmable interrupt on peripheral status 
conditions 

6. Vectored daisy chain priority interrupt 

7. Darlington transistor drive capability (Port B 
output) 

8. All inputs and outputs except clock input fully 
TTL compatible 

9. Single +5V power supply and single phase 
clock 

10. Fully static operation (DC~2.5MHz) 

11. Low power consumption 

12. Power save mode (LH5081L/LH5081LM) 

13. Status read mode (LH5081L/LH5081LM) 

14. 40-pin dual-in-line package 
(LH5081/LH5081L) 

15. 44-pin quad-flat package (LH5081LM) 


Note: The Z80 CMOS CPU (LH5081/LH5081L) is compatible 
with the Z80 NMOS PIO (LH0081). So there is no descrip- 
tion here about the pins, programming, and basic timings 
waveforms. Refer back to the Z80 NMOS PIO described 
earlier. 


■ Pin Connections 


LH5081/LH5081L 

f \ 


D 2 [T 

o 

40) D 3 

D 7 [T 

m d 4 

D 6 [T 


38) D 5 

CE [7 


37) Ml 

C/D SEL [T 


36) IORQ 

B/A SELE 


111 RD 

a 7 [T 


lB, 

a 6 [T 


!b 6 

a 5 [£ 


Hb 5 

a 4 Eo 


Ib, 

GND QT 


IBs 

A 3 [l2 


Hb 2 

a 2 m 


m b i 

Ai 


m Bo 

A 0 m 


m +5v 

A STB 111 


HCLOCK 

B STB (n 


ElEI 

A RDYQ1 


HINT 

Doll 


m ieo 

Di H 


1]B rdy 


V y 

Top View 
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■ Block Diagram 



System 

Data 

Bus 



Port A/B Select 
Command/ Data 
Select 

Chip Enable 
Machine Cycle 1 
I/O Request 
Read 



Port A 
Data Bus 


Port A Ready 
Port A Strobe 


Port B 
Data Bus 


Port B Ready 
Port B Strobe 





Z80 CMOS Parallel I/O Unit LH5081 /LH5081 L/LH5081 LM 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage 

Vcc 

—0. 3~7.0 

V 

Input voltage 

V,N 

— 0.3 ~V C c +0.3 

V 

Output voltage 

VoUT 

— 0.3~ Vcc+0.3 

V 

Operating temperature 

T 

A opr 

0- + 70 

°c 

Storage temperature 

Tst, 

— 65 — b 150 

°c 


H DC Characteristics (v cc — 5v±io%, Ta— o~+70t:) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Clock input low voltage 

V,LC 


-0.3 


0.45 

V 


Clock input high voltage 

VlHC 


V cc -0.6 


V cc +0.3 

V 


Input low voltage 

V IL 


-0.6 


0.8 

V 


Input high voltage 

V,H 


2.2 


V cc +0.3 

V 


Output low voltage 

V OL 

Iol— 2inA 



0.4 

V 


Output high voltage 

VoH 

Iqh = 1 .6mA 

2.4 



V 


I oh =-250M 

V cc — 0.4V 



V 


Current consumption 

Icc 

(Note) 


2 

6 

mA 


Input leakage current 

Uul 

V IN =0V, Vcc 



10 

fJL A 

1 

3 -state output leakage current 

1 Iloh 1 

Vout = V C c 



10 

M 

2 

3 -state output leakage current 

1 Ilol 1 

Vout = 0V 



10 

M 

2 

Data bus leakage current input 

1 Ild 1 

0^V IN iV cc 



10 

M 


Darlington drive current 

loHD , 

Voh = 1-5V, Port only 

-1.5 



mA 


Current consumption in PS 
mode (LH5081L/LH5081LM) 

Iccps 

Output pin open, Vin = 0V, V C c 


1 

100 

M 



Note TcC = 4 00ns, V il= Q.4V, V ih = Vcc— 0.4V, output pin open. 

Note 1 : The A STB and B STG pins are arranged as shown below. • The INT pin is arraged as shown below. 



Note 2 : The A0-A7 and B0-B7 pins are arranged as shown below. 




■ Capacitance (f=iMHz, Ta=25”C) 


Parameter 

Symbol 

Conditions 

MAX. 

Unit 

Clock capacitance 

Cclock 

Unmeasured pins returned 
to ground 

7 

pF 

Input capacitance 

Cin 

7 

pF 

Output capacitance 

Cqut 

10 

PF 
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Z80 CMOS Parallel I/O Controller 


LH5081 /LH5081 L/LH5081 LM 


■ AC Characteristics (v cc =5v±io%, Ta=o~+ 70 °C) 


No. 

Parameter 

Symbol 

MIN. 

MAX. 

Unit 

Note 

1 

Clock cycle time 

TcC 

400 

(Note 1) 

ns 


2 

Clock width (high) 

TwCh 

170 


ns 


3 

Clock width (low) 

TwCl 

170 


ns 


4 

Clock fall time 

TfC 


30 

ns 


5 

Clock rise time 

TrC 


30 

ns 


6 

CE, B/A, C/D to RD, IORQ i setup time 

TsCS (RI) 

50 


ns 

6 

7 

Any hold times for specified setup time 

Th 

15 


ns 


8 

RD, IORQ to clock f setup time 

TsRI (C) 

115 


ns 


9 

RD, IORQ 1 to data output delay 

TdRI (DO) 


430 

ns 

2 

10 

RD, IORQ t to data output float delay 

TdRI (DOs) 


160 

ns 


11 

Data in to clock t setup time 

TsDI (C) 

50 


ns 

C L =50pF 

12 

IORQ i to data out delay (INTACK cycle) 

TdIO (DOI) 

340 


ns 

3 

13 

Ml i to clock f setup time 

TsMl (Cr) 

210 


ns 


14 

Ml t to clock i setup time (Ml cycle) 

TsMl (Cf) 

0 


ns 

8 

15 

Ml i to IEO 1 delay 

(interrupt immediately preceding MI i ) 

TdMl (IEO) 


300 

ns 

5, 7 

16 

IEI to IORQ 1 setup time (INTACK cycle) 

TsIEI (IO) 

140 


ns 

7 

17 

IEI i to IEO 1 delay 

TdlEI (IEOf) 


190 

ns 

5 

C L =50pF 

18 

IEI t to IEO t delay (after ED decode) 

TdlEI (IEOr) 


210 

ns 

5 

19 

IORQ t to clock 1 setup time 

(to activate READY on next clock cycle) 

TcIO (C) 

220 


ns 


20 

Clock 1 to READY t delay 

TdC (RDYr) 

200 


ns 

5 

C L =50pF 

21 

Clock 1 to READY 1 delay 

TdC (RDYf) 

150 


ns 

5 

22 

STROBE pulse width 

TwSTB 

150 


ns 

4 

23 

STROBE t to clock 1 setup time 
(to activate READY on next clock cycle) 

TsSTB (C) 

220 


ns 

5 

24 

IORQ t to PORT DATA stable delay (mode 0) 

TdIO (PD) 


200 

ns 

5 

25 

PORT DATA to STROBE t setup time 
(mode 1) 

TsPD (STB) 

260 


ns 


26 

STROBE 1 to PORT DATA stable (mode 2) 

TdSTB (PD) 


230 

ns 

5 

27 

STROBE t to PORT DATA float delay 
(mode 2) 

TdSTB (PDr) 


200 

ns 

C L =50pF 

28 

PORT DATA match to INT i delay (mode 3) 

TdPD (INT) 


540 

ns 


29 

STROBE t to INT J delay 

TdSTB (INT) 


490 

ns 



t Rising edge, i Falling edge 
Note 1 : TcC = TwCh + TwCl + TrC + TIC. 

Note 2 : Increase TdRI (DO) by 10 ns for each 50 pF increase in load up to 200 pF max. 

Note 3 : Increase TdIO (DOI) by 10 ns for each 50 pF, increase in loading up to 200 pF max. 

Note 4 : For Mode 2 : TwSTB>TsPD (STB). 

Note 5 : Increase these values by 2 ns for each 10 pF increase in loading up to 100 pF max. 

Note 6 : TsCS (RI) may be reduced. However, the time substracted from TsCS (RI) will be added to TdRI (DO). 
Note 7 : Z5 TcC > (N-2) TdlEI (IEOf) + TdMl (IEO) + TsIEI (IO) + TTL Buffer Delay, if any. 

Note 8 : Ml must be active for a minimum of two clock cycles to reset the PIO. 


AC Test Conditions : 

• Input voltage amplitude : 0.4V to 2.8V 

• Clock input voltage amplitude : 0.4V to Vcc — 0.6V 

• Input signal rise and fall time : 10ns 

• Input judge level : 0.8V and 2.0V 

• Output judge level : 0.8V and 2.0V 

• Output load : ITTL+100pF (unless otherwise specified) 
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Z80 CMOS Parallel I/O Controller 


LH5081 /LH5081 L/LH5081 LM 


■ Power Save and Status Information 
Read Function 

Unlike the LH0081/LH5081, the LH5081L/ 
LH5081LM has the power save (PS) and status in- 
formation read functions. 

(1 ) Power save function 
(i) PS mode setting When the CPU 

(LH5080L/LH5080LM) has executed an HALT in- 
struction in the PS mode, the LH5081L/LH5081LM 
reads this HALT instruction to automatically go 
into the PS mode. Now the internal clock signal is 
cut off. Therefore, cutting an external clock input 
gives no problem inside in this mode. 



(ii) PS mode clear The PS mode is cleared 
by detecting the fall of the Ml signal. When the ex- 
ternal clock is off in the PS mode, however, a stable 
clock signal must be input before clearing the PS 
mode. 

When the CPU (LH5080L/LH5080LM) is 
cleared from the PS mode and comes into the next 
fetch cycle, therefore, the LH5081L/LH5081LM is 
also cleared from its PS mode at the fall of the first 
Ml signal in this cycle. 

The PS mode clearing can be done by issuing an 
interrupt request. 

Set up the interrupt generate conditions in Mode 
3 of the LH5 081 L /LH5081LM. By this, an inter- 
rupt request (1NT) is issued even in the PS mode, 
the CPU (LH5080L/LH5080LM) is cleared from 
the PS mode, and thus LH5081L/LH5081LM is 
also cleared. 

(2) Status information read 

Under the following conditions, the mode setup 
bits and handshake signals of Port A and Port B 
are read from the data bus during the read cycle. 

See the chart below. 

Conditions: CE = “Low”,_RD = “Low”, IORQ = 
“Low”, C/D = “High”, B/A = X (undefined) 


7 

6 

5 

4 

3 

2 1 

0 

AMI 

AMO 

ARDY 

ASTB 

BM1 

BMO BRDY 

BSTB 


Bits 


Uppermost two bits of the 
A port mode control registor 
(Set mode bits) 


Uppermost two bits of the 
B port mode control registor 
(Set mode bits) 


LH5081/LH5081 LM status information words 
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Z80 CMOS Counter Timer Circuit 


LH5082/LH5082L/LH5082LM 


LH5082/LH5082L/LH5082LM 

Z80 CMOS Counter Timer Circuit 


■ Description 

The LH5082 is Z80 CTC fabricated with CMOS 
silicon-gate process technology and is fully com- 
patible with the conventional NMOS Z80 CTC 
(LH0082). 

The LH5082 is designed with CMOS fully static 
circuits and so provides low power consumption 
and wide range power supply voltage operation. 

The LH5082L/LH5082LM provides power save 
mode controlled by software. 


■ Features ' 

1. Z80 CMOS CTC 

2. Fully compatible with the NMOS Z80 CTC 
(LH0082) 

3. 4 independent programmable 8-bit counter/ 
16-bit timer channels 

4. Selectable counter/timer mode for each channel 

5. Programmable interrupt triggered by counter/ 
timer 

6. Downcounters Reloaded automatically at zero 
count . 

7. Readable downcounters 

8. Selectable 16 or 256 prescaler (timer mode) 

9. Selectable positive or negative triggers for timer 
and selectable positive or negative clock edge 
for counter 

10. ZC/TO outputs of three channels capable of 
driving Darlington transistors 

11. Vectored and daisy chain piority interrupt 

12. Single + 5V power supply and single phase 
clock 

13. All inputs and outputs except clock input fully 
TTL compatible 

14. Fully static operation (DC~2.5MHz) 

15. Low power consumption 

16. Power save mode (LH5082L/LH5082LM) 

17. 28-pin dual-in-line package 
(LH5082/LH5082L) 

18. 44-pin quad-flat package (LH5082LM) 


Note: The Z80 CMOS CTC (LH5082/LH5082L/LH5082LM) is 
compatible with the Z80 NMOS CTC (LH0082). So there is 
no description here about the pins, programming, and basic 
timing waveform. Refer back to the Z80 NMOS CTC descri- 
bed earlier. 


■ Pin Connections 


LH5082/LH5082L 



d 4 |T 

r 

O 

Hd 3 

d 5 [i; 

Dd 2 

Dell 


UDi 

D ? U 


HI Do 

gndH 


HI +5V 

RD[6 


HICLK/TRGo 

ZC/TOoU 


HCLK/URG, 

ZC/TO, [T 


Dclk/trg 2 

zc/to 2 d 


loJCLK/TRG.i 

IORQEo 


ICSi 

IEO [n 


mcso 

INT m 


IE RESET 

iei m 


Ice * 

mIE 


HI CLOCK 

Top View 
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Z80 CMOS Counter Timer Circuit LH5082/LH5082L/LH5082LM 


■ Block Diagram 
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Z80 CMOS Counter Timer Circuit 


LH5082/LH5082L/LH5082LM 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

(Vcc = 5 V ± 1 0%, Ta = 0 ~ + 70T: ) 

Supply voltage 

Vcc 

-0.3- + 7.0 

V 

Input voltage 

v IN 

-0.3~V cc + 0.3 

V 

Output voltage 

VoUT 

-0.3~V cc + 0:3 

V 

Operating temperature 

T„or 

0 — 1-70 

°c 

Storage temperature 

T stg 

-65- + 150 

°c 

■ DC Characteristics 

Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Clock input low voltage 

ViLC 


-0.3 


0.45 

V 


Clock input high voltage 

ViHC 


Vcc-0.6 


Vcc +0.3 

V 


Input low voltage 

V,t 


-0.3 


0.8 

V 


Input high voltage 

V LH 


2.2 


Vcc 

V 


Output low voltage 

VoL 

Iol = 2mA 



0.4 

V 


Output high voltage 

VoH 

Ioh == 1.6mA 

2.4 



V 


Ioh = 250 fik 

Vcc-0.4V 



V 


Current consumption 

1 Icc 1 

(Note) 


2.5 

8 

mA 


Input leakage current 

1 Ili 1 

V IN =0V, Vcc 



10 

M 

1 

3 -state output leakage current 

1 Iloh 1 

VoUT = V C C 



10 

M 


3 -state output leakage current 

1 IlOL 1 

V OU T = 0V 



10 

M 


Darlington drive current 

loHD 

Voh=1.5V 

Applicated to ZC/TOo~ZC/T02 

-1.5 



mA 


Current consumption in PS 
mode (LH5082L/LH5082LM) 

Iccps 

Output pin open, Vm=0V, Vcc 


1 

100 

M 



Note : TcC = 400ns, TcCTR=l f* s, Vil=0.4V, Vih = Vcc— 0.4V, output pin open. 
Note 1 : The CLK/TRG 0 -CLK/TG 3 pins arranged as shown below. 


□ 



-o> 


N> 


■ Capacitance (f=iMHz, Ta=25'C) 


Parameter 

Symbol 

Conditions 

MAX. 

Unit 

Clock capacitance 

Cclock 

Unmeasured pins returned 
to ground 

5 

pF 

Input capacitance 

ClN 

5 

pF 

Output capacitance 

Cqut 

10 

pF 
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Z80 CMOS Counter Timer Circuit 


LH5082/LH5082L/LH5082LM 


■ AC Characteristics (V C c=5V±io%,Ta=o~+70'C) 


No. 

Parameter 

Symbol 

MIN. 

MAX. 

Unit 

Note 

i 

Clock cycle time 

TcC 

400 

(Note 1) 

ns 


2 

Clock width (high) 

TwCh 

170 


ns 


3 

Clock width (low) 

TwCl 

170 


ns 


4 

Clock fall time 

TfC 


30 

ns 


5 

Clock rise time 

TrC 


30 

ns 


6 

All hold times 

Th 

15 


ns 


7 

CS to clock t setup time 

TsCS (C) 

250 


ns 


8 

CE to clock t setup time 

TsCE (C) 

200 


ns 


9 

IORQ I to clock t setup time 

TsIO (C) 

250 


ns 


10 

RD I clock T setup time 

TsRD (C) 

240 


ns 


11 

Clock t to data out delay 

TdC (DO) 


240 

ns 

2 

12 

Clock i to data out float delay 

TdC (DOz) 


230 

ns 


13 

Data In to clock t setup time 

TsDI (C) 

60 


ns 


14 

Ml to clock t setup time 

TsMl (C) 

210 


ns 


15 

Ml i to IEO 1 delay 

(interrupt immediately preceding Ml) 

TdMl (IEO) 


300 

ns 

3 

16 

IORQ 1 to data out delay (INTA cycle) 

TdIO (DOI) 


340 

ns 

2 

17 

IEI i to IEO 1 delay 

TdlEI (IEOf) 


190 

ns 

3 

18 

IEI t to IEO t delay (after ED decode) 

TdlEI (IEOr) 


220 

ns 

3 

19 

Clock t to INT 1 delay 

TdC (INT) 


TcC+200 

ns 

4 

20 

CLK/TRG t to INT l delay 
(tsCTR (C) satisfied) 

TdCLK (INT) 


TcC+230 

ns 

5 

CLK/TRG t to INT l delay 
(tsCTR (C) not satisfied) 

TdCLK (INT) 


2TcC+530 

ns 

5 

21 

CLK/TRQ cycle time 

TcCTR 

2TcC 


ns 

5 

22 

CLK/TRG rise time 

TrCTR 


50 

ns 


23 

CLK/TRG fall time 

TfCTR 


50 

ns 


24 

CLK/TRG width (low) 

TwCTRl 

200 


ns 


25 

CLK/TRG width (high) 

TwCTRh 

200 


ns 


26 

CLK/TRG t to clock t setup time for 
immediate count 

TsCTR (Cs) 

300 


ns 

5 

27 

CLK/TRG t to clock t setup time for . 
enabling of prescaler on following clock t 

TsCTR (Ct) 

210 


ns 

4 

28 

Clock t toZC/TO t delay 

TdC (ZC/TOr) 


260 

ns 


29 

Clock t toZC/TO i delay 

TdC(ZC/TOf) 


190 

ns 


30 

IEI setup time to IORQ i (INTA cycle) 

TsIEI (IO) 

140 


ns 



t Rising edge, i Falling edge 

[A] 2.5 TcC >(n-2) TdlEI (IEOf)+TdMI (IEO) +TsIEI (IO) + TTL buffer delay, if any. 

[B] RESET must be active for minimum of 3 clock cycles 
Note 1 : TcC = TwCh + TwCl + TrC + TfC. 

Note 2 : Increase delay by 10 ns for each 50 pF increase in loading, 200 pF maximum for data lines, and 100 pF for control lines. 
Note 3 : Increase delay by 2 ns for each 10 pF increase in loading, 100 pF maximum. 

Note 4 : Timer mode. 

Note 5 : Counter mode. 

* All timing are preliminary and subject to change. 
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Z80 CMOS Counter Timer Circuit 


LH5082/LH5082L/LH5082LM 


AC Test Conditions 

• Input voltage amplitude: 0.4 V to 2.8 V 

• Clock input voltage amplitude: 0.4V to 
V CC -0.6V 

• Input signal rise and fall time: 10 ns 

• Input judge level: 0.8 V and 2.0 V 

• Output judge level: 0.8 V and 2.0 V 

• Output load: ITTL + 100 pF (unless other- 
wise specified) 

■ Power Save Function 

The LH5082L/LH5082LM has the power save 
(PS) function. 

(1) PS mode setting 

When the CPU (LH5080L/LH5080LM) has ex- 
ecuted a HALT instruction, the LH5082L/LH5082 LM 



reads this HALT instruction to autmatically go into 
the PS mode. In this mode, the internal clock 
signal is cut off. The external clock may be off dur- 
ing the PS mode. 

About the external clock stop, the same is true as 
the power-saving CPU (LH5080L/LH5080LM). 

(2) PS mode clear 

The PS mod e is cleared by the fall of Ml signal 
or the RESET signal. 

When the external clock is off the PS mode, 
however, a stable clock signal must be input before 
clearing the PS mode. 

Once cleared from the PS mode, the power-sav- 
ing CPU (LH5080L/LH5080LM) comes into the 
next fetch cycle. At the time when the first Ml sig- 
nal during this cycle falls, the LH5082L/LH5082LM 
is also cleared from the PS mode. 
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16-Bit Microprocessor 
and Peripheral LSIs 



Z8001 /Z8001 A/Z8002/Z8002A Central Processing Unit 


LH8001 /8001 A/8002/8002A 


LH8001/LH8001A/LH8002/LH8002A 

Z8001/Z8001A/Z8002/Z8002A Central Processing Unit 


■ Description 

LH8001, Z8001 CPU and LH8002, Z8002 CPU 
are advanced 16-bit microprocessor that spans a 
wide variety of applications ranging from simple 
stand-alone computers to complex parallel-proces- 
sing unit. Essentially Z8000 CPU is a monolithic 
minicomputer central processing unit. 

The LH8001A Z8001A and LH8002A Z8002A 
CPU are the high speed version which can operate 
at 6MHz system clock. 


■ Features 

1. Regular, easy-to-use architecture 

2. Instruction set more powerful than many mini- 
computers 

3. Directly addresses 8M bytes 

4. Eight user-selectable addressing modes 

5. Seven data types that range from bits to 32-bit 
long words and word strings 

6. System and Normal operating modes 

7. Separate code, data and stack spaces 

8. Sophisticated interrupt structure 

9. Resource-sharing capabilities for multiprocessing 
systems 

10. Multi-programming support 

11. Compiler support 

12. Memory management and protection provided 
by Z8010 Memory Management Unit 

13. 32-bit operations, including signed multiply 
and divide 

14. Z-BUS compatible 


■ Pin Connections 





AD C [T 
AD» [T 
ADio pT 
ADn [7 
ADl2 H 
ADn (T 
STOP U 
Mi [T 
ADis QT 
ADu (To 
V cc \n 
vT [12 
NVI (T3 
SEGT jTT 
NMI m 
RESET Q6 

W 0 g? 

MREQ [i8 
DS [To 
ST 3 [20 
ST 2 [21 
ST! [22 
' ST 0 [23 
SN 3 [24 

/ \ 

o 

V . J 

I LH8001/LH8001A 
HaD 8 

iZlSNe 

H SN 5 
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■ Pin Description 


Pin 

Meaning 

I/O 

Function 

ad 0 ~ad 15 

Address/databus 

Bidirectional 

3-state 

Multiplexed system address and data bus. 

AS 

Address strobe 

3 -state 0 

Active “Low”. Addresses are valid. 

DS 

Data strobe 

3 -state 0 

Active “Low”. Data are valid. 

R/W 

Read/write 

3 -state 0 

Read at “High”. Write at “Low”. 

B/W 

Byte/word 

3 -state 0 

Byte at “High”. Word at “Low”. 

MREQ 

Memory request 

3 -state 0 

Active “Low”. For memory access. 

ST 0 -ST 3 

Status 

3 -state 0 

Specifies CPU status. 

N/S 

Normal/system mode 

3 -state 0 

Normal mode at “High”, System mode at “Low”. 

SN 0 ~SN 6 

Segment number 

3-state 0 

Designates segments to be accessed (for Z8001 CPU 
only). 

SEGT 

Segment trap 

I 

Active “Low”. Detects a segmentation trap from the 
Z8010 MMU. 

BUSRQ 

Bus request 

I 

Active “Low”. Requests the bus line. 

BUSAK 

Bus acknowledge 

0 

Active “Low”. Indicates the relinquished control of the 
bus. 

RESET 

Reset 

I 

Active “Low”, Resets the Z8000 CPU. 

nm! 

Non-maskable interrupt 

I 

Active “Low”. High-to-low transition not interrupted 
non-maskable. 

VI 

Vectored interrupt 

I 

Active “Low”. Requests a vectored interrupt. 

NVI 

Non-vectored 

Interrupt 

I 

Active “Low”. Requests a non-vectored interrupt. 

STOP 

Stop 

I 

Active “Low”. For single-step instruction execution. 

WAIT 

Wait 

I 

Active “Low”. For synchronizing with a peripheral 
device. 

m7 

Multi-micro I 

I 

Active “Low”. Forms a resource-request daisy chain. 

Mo 

Multi-micro 0 

0 

Active “Low”. Forms a resource-request daisy chain. 

CLOCK 

System clock 

I 

Single-phase clock. 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Input voltage 

V fN 

- 0.3 ~+ 7.0 

V 

Output voltage 

VoUT 

— 0.3 — h7.0 

V 

Operating temperature 

T ODr 

0— + 70 

°c 

Storage temperature 

Zstg 

— 65 — + 150 

°c 
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■ DC Characteristics (v C c=5V±5%Ta=o~+70°C) 


Parameter 

Symbol 

Conditions 

MIN. 

MAX. 

Unit 

Clock input high voltage 

V CH 

Driven by external clock 
oscillator 

Vcc-0.4 

Vcc+0.3 

V 

Clock input low voltage 

V C L 

Driven by external clock 
oscillator 

-0.3 

0.45 

V 

Input high voltage 

V, H 


2.0 

Vcc+0.3 

V 

Input low voltage 

V, L 


-0.3 

0.8 

V 

Output high voltage 

VoH 

Iqh = 250 fiA 

2.4 


V 

Output low voltage 

VOL 

Iol— H - 2.0mA 


0.4 

V 

Input leakage current 

UilI 

0.4^V IN ^2.4V 


10 

M 

Output leakage current 

1 IoL 1 

0.4 ^Vqut^ 2.4 V 


10 

M 

Current consumption 

Icc 



300 

mA 


■ AC Characteristics 


Number 

Symbol 

Parameter 

| LH8001/LH8002(4MHz) 

| LH8001A/LH8002A(6MHz) 

Unit 

MIN. 

MAX. 

MIN. 

MAX. 

1 

TcC 

Clock cycle time 

250 

2000 

165 

2000 

ns 

2 

TwCh 

Clock width (high) 

105 

2000 

70 

2000 

ns 

3 

TwCl 

Clock width (low) 

105 

2000 

70 

2000 

ns 

4 

TfC 

Clock fall time 


20 


10 

ns 

5 

TrC 

Clock rise time 


20 


15 

ns 

6 

TdC (SNv) 

Clock t to segment number valid 
(50 pF load) 


130 


110 

ns 

7 

TdC (SNn) 

Clock t to segment number not valid 

20 


10 


ns 

8 

TdC (Bz) 

Clock t to bus float 


65 


55 

ns 

9 

TdC (A) 

Clock t to address valid 

i 

100 


75 

ns 

10 

TdC (Az) 

Clock t to address float 


65 


55 

ns 

11 

TdA (DR) 

Address valid to read data required valid 


475* 


305 

ns 

12 

TsDI (C) 

Read data to clock i setup time 

30 


20 


ns 

13 

TdDS (A) 

DS t to address active 

00 

o 

* 


45* 


ns 

14 

TdC (DW) 

Clock t to write data valid 


100 


75 

ns 

15 

ThDR (DS) 

Read data to DS t hold time 

0 


0 


ns 

16 

TdDW (DS) 

Write data valid to DS t delay 

295* 


195* 


ns 

17 

TdA (MR) 

Address valid to MREQ 1 delay 

55* 


35* 


ns 

18 

TdC (MR) 

Clock i to MREQ j delay 


80 


70 

ns 

19 

TwMRh 

MREQ width (high) 

210* 


135* 


ns 

20 

TdMR (A) 

MREQ i to address not active 

o 

o 

* 


35* 


ns 

21 

TdDW (DSW) 

Write data valid to DS 1 (write) delay 

55* 


* 

LO 

CO 


ns 

22 

TdMR (DR) 

MREQ I to read data required valid 

375* 


230* 


ns 

23 

TdC (MR) 

Clock J MREQ t delay 


80 


60 

ns 

24 

TdC (ASf) 

Clock t to AS 1 delay 


80 


60 

ns 

25 

TdA (AS) 

Address valid to AS t delay 

55* 


35* 


ns 

26 

TdC (ASr) 

Clock i to AS t delay 


90 


80 

ns 

27 

TdAS (DR) 

AS t to read data required valid 

360* 


220* 


ns 

28 

TdDS (AS) 

DS t to AS i delay 

70* 


35* 


ns 

29 

TwAS 

AS width (low) 

85* 


55* 


ns 

30 

TdAS (A) 

AS t to address not active delay 

70* 


AS* 


ns 

31 

TdAz (DSR) 

Address float to DS (read) 1 delay 

0 


0 


ns 

32 

TdAS (DSR) 

AS t to DS (read) 1 delay 

00 

o 

* 


55* 


ns 

33 

TdDSR (DR) 

DS (read) J to read data required valid 

205* 


130* 


ns 

34 

TdC (DSr) 

Clock I to DS t delay 


70 


65 

ns 

35 

TdDS (DW) 

DS t to write data not valid 

75* 


45 


ns 
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Number 

Symbol 

Parameter 

| LH8001/LH8002(4MHz) 

| LH800 1 A/LH8002 A(6MHz) 

Unit 

MIN. 

MAX. 

MIN. 

MAX. 

36 

^ TdA (DSR) 

Address valid to DS (read) i delay 

180* 


110* 


ns 

37 

TdC (DSR) 

Clock t to DS (read) i delay 


120 


85 

ns 

38 

TwDSR 

DS (read) width (low) 

275* 


* 

LO 

OO 


ns 

39 

TdC (DSW) 

Clock i to DS (write) 1 delay 


95 


80 

ns 

40 

TwDSW 

DS (write) width (low) 

185* 


no* 


ns 

41 

TdDSI (DI) 

DS (I/O) l to read data required valid 

330* 


210* 


ns 

42 

TdC (DSf) 

Clock i to DS (I/O) 1 delay 


120 


90 

ns 

43 

TwDS 

DS (I/O) width (low) 

410* 


255* 


ns 

44 

TdAS (DSA) 

AS t to DS (acknowledge) 1 delay 

1065* 


690* 


ns 

45 

TdC (DSA) 

Clock t to DS (acknowledge) 1 delay 


120 


85 

ns 

46 

TdDSA (DR) 

DS (acknowledge) i to read data 
required delay 

455* 


295* 


ns 

47 

TdC (S) 

Clock t to status valid delay 


110 


85 

ns 

48 

TdS (AS) 

Status valid to AS t delay 

50* 


30* 


ns 

49 

TsR (C) 

RESET to clock t setup time 

180 


70 


ns 

50 

ThR (C) 

RESET to clock T hold time 

0 


0 


ns 

51 

TwNMI 

NMI width (low) 

100 


70 


ns 

52 

TsNMI (C) 

NMI to clock t setup time 

140 


70 


ns 

53 

TsVI (C) 

VI, NVI to clock f setup time 

no 


50 


ns 

54 

ThVI (C) 

VI, NVI to clock t hold time 

20 


20 


ns 

55 

TsSGT (C) 

SEGT to clock t setup time 

70 


55 


ns 

56 

ThSGT (C) 

SEGT to clock t hold time 

0 


0 


ns 

57 

TsMI (C) 

MI to clock t setup time 

180 


140 


ns 

58 

ThMI (C) 

MI to clock t hold time 

0 


0 


ns 

59 

TdC (MO) 

Clock t to MO delay 


120 


85 

ns 

60 

TsSTP (C) 

STOP to clock I setup time 

140 


100 


ns 

61 

ThSTP (C) 

STOP to clock i hold time 

0 


0 


ns 

62 

TsW (C) 

WAIT to clock | setup time 

50 


30 


ns 

63 

ThW (C) 

WAIT to clock i hold time 

10 


10 


ns 

64 

TsBRQ (C) 

BUSREQ to clock t setup time 

90 


80 


ns 

65 

ThBRQ (C) 

BUSREQ to clock T hold time 

10 


10 


ns 

66 

TdC(BAKr) 

Clock t to BUSACK t delay 


100 


75 

ns 

67 

TdC(BAKf) 

Clock t to BUSACK l delay 


100 


75 

ns 

68 

TwA 

Address valid width 

150* 


95* 


ns 

69 

TdDS (S) 

DS t to STATUS not valid 

80* 


55* 


ns 


Note: t Rising, 1 Falling, ( I ) 2TcC + TwCh — 130ns 
* Clock-cycle-time -dependent characteristics. 
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■ Composite AC Timing Diagram 


RESET 

NMI 

VI.NVf 

SECT 

M, 

Mo 

STOP 



This composite timing diagram 
does not show actual timing sequences. 
Refer to this diagram only for the detailed 
timing relationships of individual edges. 

Use the preceding illustrations as an 
explanation of the various timing sequences 

Timing measurements are made at 
. the following voltages. 

“High' “Low" 


BUSRQ 

BUSAK 


A\ +0.5V 


ADDRESS ' 


~ADi6 < DATA IN 


DATA OUT 




Hr- <3 

D 

-© - 

*dH 

^ 1 

■*-d y* 


- MEMORY 
READ 


MEMORY 

WRITE — ^ 

DS V 

INPUT/ > 

OUTPUT — ^ 

. INTERRUPT/ 
ACKNOWLEDGE 
STo-STs 


READ /WRITE 

NORMAL/SY STEM 

BYTE /WORD 
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■ Register Organization 

The Z8000 CPU is a register-oriented machine 
that offers sixteen 16-bit general-purpose regis- 
ters and a set of special system registers. 

(1) General-purpose register 

All general-purpose registers can be used as 
accumulators and all but one as index registers or 
memory pointers. 

Register flexibility is created by grouping and 
overlapping multiple registers (Fig. 1 and 2). For 
byte operations, the first eight 16-bit registers 
(R0...R7) are treated as sixteen 8-bit registers 
(RLO, RHO, RL7, RH7). The sixteen 16-bit reg- 
isters are grouped in pairs (RRO ... RR14) to form 
3 2 -bit long- word registers. Similarly, the register 
set is grouped in quadruples (RQO ... RQ12) to 
form 64 -bit registers. 

(2) Specific -purpose register 

The Z8000 CUP has the following specific-pur- 
pose registers. 

• Refresh counter 

• Program status register 

• Program status area pointer 

The refresh counter can be used to automatically 
refresh dynamic memory. The refresh counter reg- 
ister consists of a 9-bit row counter, a 6-bit rate 


RR4< 


RR6< 


RR8^ 


RR12^ 

RRlJ 



Fig. 2 Z8002 general-purpose register 


RRO 

RR2 

RR4 

RR6 

RR8 

RR10 

RR12 


{ 

{ 

{ 

{ 

{ 


RO 

7 RHO 

017 

RLO 

z 


RH1 

1 

1 

RL1 

“1 

R2 

RH2 

1 

RL2 

Z 

R3 

RH3 

1 

1 

RL3 

z 

R4 

\ RH4 

1 

1 

RL4 

z 

R5 

RH5 

1 

1 

RL5 

z 

R6 

RH6 

r — 

RL6 

z 

R7 

RH7 

1 

i 

i 

RL7 

z 

R8 j 

1 

R9 j 


RIO | 


Rll| 


R12 1 


R13 1 



RQO 


RQ4 


J 


>RQ8 


RR14 


R14' 

R14 


| SYSTEM STACK POINTER (SEG.NO.) [ 
NORMAL STACK POINTER (SEG.NO.) | 


> RQ12 


R15' 

R15 

v 


j SYSTEM STACK POINTER (OFFSET) 
NORMAL STACK POINTER (OFFSET) | 


Fig. 1 Z8001 general-purpose register 


15 14 RATE 98 ROW 0 

[ E 1 i i i i l I i i i i i i i i 

Fig. 3 Refresh counter 

counter and an enable bit (Fig. 3). 

This group of status registers contains the prog- 
ram counter, flags and control words. When an in- 
terrupt or trap occurs, the entire group is saved 
and a new program status group is loaded. 

Fig. 4 illustrates how the program status groups 
of the Z8001 and Z8002 differ. 
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15 0 

RESERVED 
WORD 
FLAG AND 
CONTROL 
. WORD 

I PROGRAM 
| COUNTER 


Gl 

l£j 

lAj 

o 

o 

o 

o 

o 

L°J 

lTj 

L°J 

L° 

0 


0 



SEC 

S/N 

EPA 

INI VIE 

VIE| | 0 , 0 , 0 

c 

z 

s 

P/V 

DA 


o 




SEGMENT NUMBER 

■ 1 1 1 1 1 

JU 

l£j 

l 2 j 

l£j 

l 2 j 

L°J 

l£j 

E 


SEGMENT OFFSET 

I 1 I 1 I I I 1 1 1 I I L 


Z8001 Program Status Registers 


SEGMENT NUMBER 


0 | 0 | 0 | 0 | 0 | 0 | 0|0 


UPPER OFFSET 

I I I I I I 


0 | 0 | 0 | 0 | 0 | 0 | 0|0 


Z8002 Program Status Area Pointer 


15 


E 

0 

EPA 

VIEi^ 0 1 0 , 0 

E 

E 

E 

P/V 

DA 

0 

o 

o 


ADDRESS 

I 1 I I 1 I I I I I I I I I 


0 FLAG AND 
CONTROL 
WORD 
PROGRAM 
COUNTER 


Z8002 Program Status Registers 


UPPER POINTER 

J L I 1 I I I 


Z8001 Program Status Pointer 

Fig. 4 Z8000 CPU status group 


■ Interrupt and Trap Structure 

The Z8000 provides a very flexible and power- 
ful interrupt and trap structure. Interrupts are ex- 
ternal asynchronous events requiring CPU atten- 
tion, and are generally triggered by peripherals 
needing service. Traps are synchronous events re- 
sulting from the execution of certain instructions. 
Both are processes in a similar manner by the CPU. 

The CPU supports three types of interrupts 
(non-maskable, vectored and non-vectored) and 
four traps (system call, Extended Process 
Architecture instruction, privileged instructions 
and segmentation trap). The vectored and non- 
vectored interrupts are maskable. Of the four 
traps, the only external one is the segmentation 


trap, which is generated by the Z8010. 

The remaining traps occur when instructions li- 
mited to the system mode are used in the normal 
mode, or as a result of the System' Call instruction, 
or for an EPA instruction. The descending order of 
priority for traps and interrupts is : internal traps, 
non-maskable interrupt, segmentation trap, vec- 
tored interrupt and non-vectored interrupt. 

When an interrupt or trap occurs, the current 
program status is automatically pushed on the sys- 
tem stack. The program status consists of the pro- 
cessor status (PC and FCW) plus a 16-bit identi- 
fier. The indentifier contains the reason or source 
of the trap or interrupt. For internal traps, the 
identifier is the first word of the trapped instruc- 
tion. For external traps or interrupts, the identifier 
is the vector on the data bus read by the CPU dur- 
ing the interrupt-acknowlege or trap-acknowlege 
cycle. 

After saving the current program status, the new 
program status is automatically loaded from the 
program status area in system memory. This area 
is designated by the program status area pointer 
(PSAP). 

■ Data Type 

Z8000 instructions can operate on bits, BCD 
digits (4bits), bytes (8 bits), words (16 bits), long 
words (32 bits) and byte strings and word strings 
(up to 64 kilobytes long). Bits can be set, reset and 
tested ; digits are used in BCD arithmetic opera- 
tions ; bytes are used for characters or small inte- 
ger values ; words are used for integer values, in- 
structions and nonsegmented addresses ; long 
words are used for long integer values and seg- 
mented addresses. All data elements except strings 
can reside either in registers or momory. Strings 
are stored in memory only. 

The basic data element is the byte. The number 
of bytes used when manipulating a data element is 
either implied by the operation or-for strings and 
multiple register operations-explicitly specified in 
the instruction. 
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■ Addressing Modes 


Mode 


Operand Addressing 


Operand Value 


In the Instruction In a Register 


In Memory 


Register 

(R) 


REGISTER ADDRESS — ^OPERAND 


The content of the 
register 


Immediate 

(IM) 


OPERAND! 


In the instruction 


Indirect 

Register 

(IR) 


REGISTER ADDRESS — » ADDRESsj - 


OPERAND 


The content of the location 
whose address is in the 
register 


Direct 

Address 

(DA) 


ADDRESS 


OPERAND 


The content of the location 
whose address is in the 
instruction 


Index 

(X) 


REGISTER ADDRESS 

J 

DISPLACEMENT 



i 

BASE ADDRESS 




1 -M- 


OPERAND 


The content of the location 
whose address is the 
address in the instruction, 
offset by the content of 
the register 


Relative 

Address 

(RA) 


DISPLACEMENT 


PC VALUE 




OPERAND 


The content of the location 
whose address is the 
content of the program 
counter, offset by the 
displacement in the 
instruction 


Base 

Address 

(BA) 


REGISTER ADDRESS 


DISPLACEMENT 


BASE ADDRESS! 




OPERAND 


The content of the location 
whose address is the 
address in the resister, 
offset by the displacement 
in the instruction 


Base 

Index 

(BX) 


REGISTER ADDRESS 


BASE ADDRESS 

3 

REGISTER ADDRESS 


DISPLACEMENT 

—>©—■ * OPERAND 


The content of the location 
whose address is the 
address in the register, 
offset by the displacement 
in the register 
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■ Instruction Set Summary 

The Z8000 provides the following types of in- 
structions : 

• Load and Exchange 

• Arithmetic 

• Logical 

• Program Control 


Instruction Set 

• Bit Manipulation 

• Rotate and Shift 

• Block Transfer and String Manipulation 

• Input/Output 

• CPU Control 


Mnemonics 

Operands 

Addr. 

Modes 

Clock Cycles* 1 

Word Byte Long Word 

NS SS SL NS SS SL 

Operation 

Load 

CLR 

dst 

R 

7 

— 

— 



Clear 

and 

CLRB 


IR 

8 

— 

— 



dst «- 0 

Exchange 



DA 

11 

12 

14 







X 

12 

12 

15 





EX 

R, src 

R 

6 

— 

— 



Exchange 


EXB 


IR 

12 

— 

— 



R «-► src 




DA 

15 

16 

18 







X 

16 

16 

19 





LD 

R, src 

R 

3 

— 

— 

5 

— — 

Load into Register 


LDB 


IM 

7 

— 

— 

11 

— — 

R +- src 


LDL 


IM 

5 (Byte only) 







IR 

7 

— 

— 

11 

— — 





DA 

9 

10 

12 

12 

13 15 





X 

10 

10 

13 

13 

13 16 





BA 

14 

— 

— 

17 

— — 





BX 

14 

— 

— 

17 

— — 



LD 

dst, R 

IR 

8 

— 

— 

11 

— — 

Load into Memory (Store) 


LDB 


DA 

11 

12 

14 

14 

15 17 

dst «- R 


LDL 


X 

12 

12 

15 

15 

15 18 





BA 

14 

— 

— 

17 

— — 





BX 

14 

— 

— 

17 

— — 



LD 

dst, IM 

IR 

11 

— 

— 



Load Immediate into Memory 


LDB 


DA 

14 

15 

17 







X 

15 

15 

18 



dst «- IM 


LDA 

R, src 

DA 

12 

13 

15 



Load Address 




X 

13 

13 

16 



R «- source address 




BA 

15 

— 

— 







BX 

15 

— 

— 





LDAR 

R, src 

RA 

15 

— 

— 



Load Address Relative 










R source address 


LDK 

R, src 

IM 

5 

— 




Load Constant 










R n (n = 0***15) 


LDM 

R, src, n 

IR 

11 

— 

— | 



Load Multiple 




DA 

14 

15 

17 

-h3n 


R «- src (n consecutive words) 




X 

15 

15 

18 



(n= 1...16) 


LDM 

dst, R, n 

IR 

11 

— 

— ' 



Load Multiple (Store Multiple) 




DA 

14 

15 

17 

+ 3n 


dst +— R (n consecutive words) 




X 

15 

15 

18 1 



(n= 1...16) 


LDR 

R, src 

RA 

14 

— 

— 

17 

— — 

Load Relative 


LDRB 








R src 


LDRL 








(Range -32, 768-T32, 767) 


Note 
dst : 

destination 

cc : 

flag 

PS : program status 

src : 

source 

b,n : 

nemerical value 

(a) : indirect register 

flag : 

flag 

SP : 

stack pointer 




PC : 

program counter 



*1: NS=Non Segmented SS=Segmented Short Offset SL=Segmented Long Offset 
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Mnemonics 

Operands 

Addr. 

Modes 

Clock Cycles* 1 

Word Byte Long Word 

NS SS SL NS SS SL 

Operation 

Load and 

LDR 

dst, R 

RA 

14 

— 

— 

17 

— 

— 

Load Relative (Store Relative) 

Exchange 

LDRB 









dst R 

(Continued) 

LDRL 









(Range -32, 768-- + 32, 767) 


POP 

dst, IR 

R 

8 

— 

— 

12 

— 

— 

Pop 


POPL 


IR 

12 

— 

— 

19 

— 

— 

dst «- IR 




DA 

16 

16 

18 

23 

23 

25 

Autoincrement contents of R 




X 

16 

16 

19 

23 

23 

26 



PUSH 

IR, src 

R 

9 

— 

— 

12 

— 

— 

Push 


PUSHL 


IM 

12 

— 

' — 

— 

— 

— 

Autodecrement contents of R 




IR 

13 

— 

— 

20 

— 

— 

IR «— src 




DA 

14 

14 

16 

21 

21 

23 





X 

14 

14 

17 

21 

21 

24 


Arithmetic 

ADC 

R, src 

R 

5 

— 

— 




Add with Carry 


ADCB 









R «— R + src + carry 


ADD 

R, src 

R 

4 

— 

— 

8 

— 

— 

Add 


ADDB 


IM 

7 

— 

— 

14 

— 

— 

R «- R + src 


ADDL 


IR 

7 

— 

— 

14 

— 

— 





DA 

9 

10 

12 

15 

16 

18 





X 

10 

10 

13 

16 

16 

19 



CP 

R, src 

R 

4 

— 

— 

8 

— 

— 

Compare with Register 


CPB 


IM 

7 

— 

— 

14 

— 

— 

R-src 


CPL 


IR 

7 

— 

— 

14 

— 

— 





DA 

9 

10 

12 

15 

16 

18 





X 

10 

10 

13 

16 

16 

19 



CP 

dst, IM 

IR 

11 

— 

— 




Compare with Immediate 


CPB 


DA 

14 

15 

17 




dst-IM 




X 

15 

15 

18 






DAB 

dst 

R 

5 

— 

— 




Decimal Adjust 


DEC 

dst, n 

R 

4 

— 

— 




Decrement by n 


DECB 


IR 

11 

— 

— 




dst*-dst-n 




DA 

13 

14 

16 




(n = l-16) 




X 

14 

14 

17 






DIV 

R, src 

R 

107 

— 

— 

744 

— 

— 

Divide (signed) 


DIVL 


IM 

107 

— 

— 

744 

— 

— 

Word : R n+1 R n , n +src 




IR 

107 

— 

— 

744 

— 

— 

R n «— remainder 




DA 

108 

109 

Ill 

745 

746 

748 

Long Word : R n + 2 , n +3 R n -. n ^src 




X 

109 

109 

112 

746 

746 

749 

Rn>n+i remainder 


EXTS 

dst 

R 

11 

— 

— 

11 

— 

— 

Extend Sign 


EXTSB 









Extend sign of low order half of dst 


EXTSL 









through high order half of dst 


INC 

dst, n 

R 

4 

— 

— 




Increment by n 


INCB 


IR 

11 

— 

— 




dst dst + n 




DA 

13 

14 

16 




(n = l — 16) 




X 

14 

14 

17 






MULT 

R, src 

R 

70 

— 

— 

282 * 2 

- 

- 

Multiply (Signed) 


MULTL 


IM 

70 

— 

— 

282* 2 

- 

- 

Word : R n , n +i R n +rsrc 




IR 

70 

— 

— 

282* 2 

- 

- 

Long Word : R n -. n +3 R n + 2 m+ 3 ’src 




DA 

71 

72 

74 

283 * 2 

284 * 2 

286 * 2 

*2: Plus seven cycles for each 1 




X 

72 

72 

75 

284 * 2 

284 * 2 

287* 2 

in the multiplicand 
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Mnemonics 

Operands 

Addr. 

Modes 

Clock Cycles* 1 

Word Byte Long Word 

NS SS SL NS SS SL 

Operation 

Arithmetic 

NEQ 

dst 

R 

7 

— 

— 




Negate 

(Continued) 

NEGB 


IR 

12 

— 

— 




dst «- 0 — dst 




DA 

15 

16 

18 








X 

16 

16 

19 






SBC 

R, src 

R 

5 

— 

— 




Subtract with Carry 


SBCB 









R «— R-src-carry 


SUB 

R, src 

R 

4 

— 

— 

8 

— 

— 

Subtract 


SUBB 


IM 

7 

— 

— 

14 

— 

— 

R «— R — src 


SUBL 


IR 

7 

— 

— 

14 

— 

— 





DA 

9 

10 

12 

15 

16 

18 





X 

10 

10 

13 

16 

16 

19 


Logic 

AND 

R, src 

R 

4 

— 

— 




AND 


ANDB 


IM 

7 

— 

— 




R «- R AND src 




IR 

7 

— 

— 








DA 

9 

10 

12 








X 

10 

10 

13 






COM 

dst 

R 

7 

— 

— 




Complement 


COMB 


IR 

12 

— 

— 




dst «- NOT dst 




DA 

15 

16 

18 








X 

16 

16 

19 






OR 

R, src 

R 

4 

— 

— 




OR 


ORB 


IM 

7 

— 

— 




R «— R OR src 




IR 

7 

— 

— 








DA 

9 

10 

12 








X 

10 

10 

13 






TEST 

dst 

R 

7 

— 

— 

13 

— 

— 

Test 


TESTB 


IR 

8 

— 

— 

13 

— 

— 

dst OR 0 


TESTL 


DA 

11 

12 

14 

16 

17 

19 





X 

12 

12 

15 

17 

17 

20 



TCC 

cc, dst 

R 

5 

— 

— 




Test Condition Code 


TCCB 









Set LSB if cc is true 


XOR 

R, src 

R 

4 

— 

— 




Exclusive OR 


XORB 


IM 

7 

— 

— 




R<-R XOR src 




IR 

7 

— 

— 








DA 

9 

10 

12 








X 

10 

10 

13 





Program 

CALL 

dst 

IR 

10 


15 




Call Subroutine 

Control 



DA 

12 

18 

20 




Autodecrement SP 




X 

13 

18 

21 




@SP — PC 











PC — dst 


CALR 

dst 

RA 

10 

— 

15 




Call Relative 


Autodecrement SP 
@SP — PC 
PC «- PC + dst (Range 
— 4,094 — h 4,096) 


DJNZ 

R, dst 

RA 

11 

— 

— 

Decrement and Jump if Non-Zero 

DBJNZ 






R — R — 1 

If R=^ 0 : PC ■*- PC+dst 
(Range — 254 — 0) 
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Clock Cycles* 1 



Mnemonics 

Operands 

Addr. 

Word Byte 

Long Word 

Operation 




Modes 

NS 

SS 

SL 

NS SS SL 


Program 

IRET * 3 

— 

— 

13 

— 

16 


Interrupt Return 

Control 








SP+-SP+2 

(Continued) 








PS — @SP 

Autoincrement SP 


JP 

cc, dst 

IR 

10 

— 

15 

(taken) 

Jump Conditional 




IR 

7 

— 

7 

(not taken) 

If cc is true : PC «- dst 




DA 

7 

8 

10 






X 

8 

8 

11 




JR 

cc, dst 

RA 

6 




Jump Conditional Relative 

If cc is true : PC «- PC + dst 
(Range -256~ + 254) 


RET 

cc 

— 

10 

— 

13 

(taken) 

Return Conditional 





7 

— 

7 

(not taken) 

If cc is true : PC «— @ SP 









Autoincrement SP 


SC 

src 

IM 

33 


39 


System Call 

Autodecrement SP 
@ SP «- old PS 

Push instruction 

PS System Call PS 

Bit 

BIT 

dst, b 

R 

4 

— 

— 


Bit Test Static 

Manipulation BITB 


IR 

8 

— 

— 


Z flag «- NOT dst bit specified 




DA 

10 

11 

13 


by b 




X 

11 

11 

14 




BIT 

dst, R 

R 

10 

— 

— . 


Bit Test Dynamic 


BITB 







Z flag +- NOT dst bit specified 
by contents of R 


RES 

dst, b 

R 

4 

— 

— 


Reset Bit Static 


RESB 


IR 

11 

— 

— 


Reset dst bit specified by b 




DA 

13 

14 

16 






X 

14 

14 

17 




RES 

dst, R 

R 

10 

— 

— 


Reset Bit Dynamic 


RESB 







Reset dst bit specified by con- 
tents of R 


SET 

dst, b 

R 

4 

— 

— 


Set Bit Static 


SETS 


IR 

11 

— 

— 


Set dst bit specified by b 




DA 

13 

14 

16 






X 

14 

14 

17 




SET 

dst, R 

R 

10 

— 

— 


Set Bit Dynamic 


SETS 







Set dst bit specified by contents 
of R 


TSET 

dst 

R 

7 

— 

— 


Test and Set 


TSETB 


IR 

11 

— 

— 


S flag — MSB of dst 




DA 

14 

15 

17 


dst all Is 




X 

15 

15 

18 




* 3: Privileged instruction. Executed system mode only. 
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Clock Cycles* 1 



Mnemonics 

i Operands 

Addr. 

Word Byte 

Long Word 

Operation 




Modes 

NS SS SL 

NS SS SL 


Rotate 

RLDB 

R, src 

R 

9 — — 


Rotate Digit Left 

and 

RRDB 

R, src 

R 

9 — — 


Rotate Digit Right 

Shift 

RL 

dst, n 

R 

6 for n— 1 


Rotate Left 


RLB 


R 

7 for n=2 


by n bits (n=l, 2) 


RLC 

dst, n 

R 

6 for n= 1 


Rotate Left through Carry 


RLCB 


R 

7 for n = 2 


by n bits (n=l, 2) 


RR 

dst, n 

R 

6 for n= 1 


Rotate Right 


RRB 


R 

7 for n = 2 


by n bits (n= 1, 2) 


RRC 

dst, n 

R 

6 for n= 1 


Rotate Right through Carry 


RRCB 


R 

7 for n — 2 


by n bits (n=l, 2) 


SDA 

dst, R 

R 

(15 + 3n) 

(15 + 3n) 

Shift Dynamic Arithmetic 


SDAB 





Shift dst left or right 


SDAL 





by contents of R 


SDL 

dst, R 

R 

(15 + 3n) 

(15 + 3n) 

Shift Dynamic Logical 


SDLB 





Shift dst left or right 


SDLL 





by contents of R 


SLA 

dst, n 

R 

(13 + 3n) 

(13 + 3n) 

Shift Left Arithmetic 


SLAB 





by n bits 


SLAL 







SLL 

dst, n 

R 

(13 + 3n) 

(13 + 3n) 

Shift Left Logical 


SLLB 





by n bits 


SLLL 







SRA 

dst, n 

R 

(13 + 3n) 

(13 + 3n) 

Shift Right Arithmetic 


SRAB 

SRAL 





by n bits 


SRL 

dst, n 

R 

(13 + 3n) 

(13 + 3n) 

Shift Right Logical 


SRLB 

SRLL 





by n bits 

Block 

CPD 

R x , src, R y , cc 

IR 

20 — — 


Compare and Decrement 

Transfer 

CPDB 





R x — src 

and String 






Autodecrement src address 

Manipulation 






w 

t 

-< 

1 


CPDR 

R x , src, R Y , cc 

IR 

(ll + 9n) 


Compare, Decrement and Repeat 


CPDRB 





R x — src 

Autodecrement src address 

Ry Ry 1 

Repeat until cc is true or R Y = 0 


CPI 

R x , src, R y , cc 

IR 

20 — — 


Compare and Increment 


CPIB 





R x — src 

Autoincrement src address 

Ry Ry 1 


CPIR 

R x , src, R y , cc 

IR 

(11 + 9n) 


Compare, Increment and Repeat 


CPIRB 





R x — src 

Autoincrement src address 

Ry "* Ry 1 

Repeat until cc is true or R Y = 0 


CPSD 

dst, src, R, cc 

IR 

25 — — 


Compare String and Decrement 


CPSDB 





dst— src 


Autodecrement dst and src 
addresses 
R R— 1 
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Clock Cycles* 1 



Mnemonics 

Operands 

Addr. 

Word Byte 

Long Word 

Operation 




Modes 

NS SS SL 

NS SS SL 


Block 

CPSDR 

dst, src, R, cc 

IR 

(1 1 + 14n) 


Compare String, Deer, and Repeat 

Transfer 

CPSDRB 





dst— src 

and String 






Autodecrement dst and src 

Manipulation 






addresses 

(Continued) 






R — R— 1 







Repeat until cc is true or R = 0 


CPSI 

dst, src, R, cc 

IR 

25 — — 


Compare String and Increment 


CPSIB 





dst— src 

Autoincrement dst and src 

addresses 

R «- R— 1 


CPSIR 

dst, src, R, cc 

IR 

(ll + 14n) 


Compare String, lncr. and Repeat 


CPSIRB 





dst-src 

Autoincrement dst and src 

addresses 

R «- R— 1 

Repeat until cc is true or R = 0 


LDD 

dst, src, R 

IR 

20 — — 


Load and Decrement 


LDDB 



' 


dst «- src 

Autodecrement dst and src 

addresses 

R — R — 1 


LDDR 

dst, src, R 

IR 

(ll + 9n) 


Load, Decrement and Repeat 


LDDRB 





dst src 

Autodecrement dst and src 

addresses 

R «- R— 1 

Repeat until R = 0 


LDI 

dst, src, R 

IR 

20 — — 


Load and Increment 


LDIB 





dst src 

Autoincrement dst and src 

addresses 

R «- R — 1 


LDIR 

dst, src, R 

IR 

(1 1 + 9n) 


Load, Increment and Repeat 


LDIRB 





dst *«— src 

Autoincrement dst and src 

addresses ' 

R «- R — 1 

Repeat until R=0 


TRDB 

dst, src, R 

IR 

25 — — 


Translate and Decrement 
dst src (dst) 

Autodecrement dst address R «— 

R— 1 


SHARP 


328 





Z8001 /Z8001 A/Z8002/Z8002A Central Processing Unit LH8001/LH8001A/LH8002/LH8002A 







Clock Cycles +1 



Mnemonics 

Operands 

Addr. 

Word Byte 

Long Word 

Operation 




Modes 

NS SS SL 

NS SS SL 


Block 

TRDRB 

dst, stc, R 

IR 

(ll + 14n) 


Translate, Decrement and Repeat 

Transfer 






dst «- stc (dst) 

and String 






Autodecrement dst address R 

Manipulation 





R— 1 

(Continued) 






Repeat until R = 0 


TRIB 

dst, src, R 

IR 

25 — — 


Translate and Increment 
dst «- src (dst) 

Autoincrement dst address R 

R-l 


TRIRB 

dst, src, R 

IR 

(ll + 14n) 


Translate, Increment and Repeat 
dst «- src (dst) 

Autoincrement dst address R 

R-l 

Repeat until R = 0 


TRTDB 

srcl, src2, R 

IR 

25 — — 


Translate and Test, Decrement 

PHI «— src2 (src 1) 

Autodecrement src 1 address R 

— R-l 


TRTDRB 

srcl, src2, R 

IR 

(ll + 14n) 


Translate and Test, Deer, and 
Repeat 

RH1 src 2 (src 1) 

Autodecrement src 1 address 

R «- R-l 

Repeat until R = 0 or RH1 = 0 


TRTIB 

srcl, src2, R 

IR 

25 — — 


Translate and Test, Increment 

RH1 src2 (src 1) 

Autoincrement src 1 address R 

— R-l 


TRTIRB 

srcl, src2, R 

IR 

(ll + 14n) 


Translate and Test, Incr. and 
Repeat 

RH1 «- src 2 (src 1) 

Autoincrement src 1 address 

R «- R-l 

Repeat until R = 0 or RH1 = 0 

Input/ 

IN * 3 

R, src 

IR 

10 — — 


„ Input 

Output 

INB * 3 


DA 

12 — — 


R src 


IND * 3 

dst, src, R 

IR 

21 — — 


Input and Decrement 


INDB * 3 





dst 4- src 

Autodecrement dst address 

R — R-l 


INDR * 3 

dst, src, R 

IR 

(ll + 10n) 


Input, Decrement and Repeat 


INDRB * 3 





dst <— src 

Autodecrement dst address 

R — R-l 

Repeat until R = 0 


INI * 3 

dst, src, R 

IR 

21 — — 


Input and Increment 


INIB * 3 





dst «- src 

Autoincrement dst address 

R — R-l 


* 3: Privileged instructions. Executed in system mode only. 
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Clock Cycles* 1 



Mnemonics 

Operands 

Addr. 

Modes 

Word Byte 

NS SS SL 

Long Word 

NS SS SL 

Operation 

Input/ 

Output 

(Continued) 

INIR * 3 

INIRB * 3 

dst, src, R 

IR 

(ll + 10n) 


Input, Increment and Repeat 
dst ^«-src 

Autoincrement dst address 

R — R — 1 

Repeat until R = 0 


OUT * 3 

OUTB * 3 

dst, R 

IR 

DA 

10 — — 

12 — — 


Output 
dst R 


OUTD * 3 

OUTDB * 3 

dst, src, R 

IR 

21 — — 


Output and Decrement 
dst src 

Autoincrement dst address 

R «— R — 1 


OTDR * 3 

OTDRB * 3 

dst, src, R 

IR 

(ll + 10n) 


Output, Decrement and Repeat 
dst src 

Autoincrement dst address 

R R — 1 

Repeat until R = 0 


OUTI * 3 

OUTIB * 3 

dst, src, R 

IR 

21 — — 


Output and Increment 
dst src 

Autoincrement dst address 

R R — 1 


OTIR * 3 

OTIRB * 3 

dst, src, R 

IR 

(ll + 10n) 


Output, Increment and Repeat 
dst *r src 

Autoincrement dst address 

R — R-l 

Repeat until R = 0 


SIN * 3 

SINB * 3 

R, src 

DA 

12 — — 


Special Input 

R 4 - src 


SIND * 3 

SINDB * 3 

dst, src, R 

IR 

21 — — 


Special Input and Decrement 
dst 4 - src 

Autoincrement dst address 

R R-l 


SINDR * 3 

SINDRB * 3 

dst, src, R 

IR 

(ll + 10n) 


Special Input, Decrement and 

Repeat 

dst src 

Autoincrement dst address 

R «- R-l 

Repeat until R = 0 


SINI * 3 

SINIB * 3 

dst, src, R 

IR 

21 — — 


Special Input and Increment 
dst 4 - src 

Autoincrement dst address 

R 4 — R — 1 


SINIR * 3 

SINIRB * 3 

dst, src, R 

IR 

(ll + 10n) 


Special Input, Increment and 

Repeat 

dst src 

Autoincrement dst address 

R «- R-l 

Repeat until R = 0 


SOUT * 3 

SOUTB * 3 

dst, src 

DA 

12 — — 


Special Output 
dst src 


*3: Privileged instructions. Executed in system mode only. 
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Clock Cycles *' 



Mnemonics 

Operands 

Addr. 

Word Byte 

Long Word Operation 




Modes 

NS SS SL 

NS SS SL 

Input/ 

SOUTD * 3 

dst, src, R 

IR 

21 — — 

Special Output and Decrement 

Output 

SOUTDB 




dst src 

(Continued) 

*3 




.Autoincrement dst address 

R <- R— 1 


SOTDR * 3 

dst, src, R 

IR 

(ll + 10n) 

Special Output, Deer, and Repeat 


SOTDRB * 3 




dst src 

Autoincrement dst address 

R — R-l 

Repeat until R = 0 


SOUTI * 3 

dst, src, R 

IR 

21 — — 

Special Output and Increment 


SOUTIB * 3 




dst «- src 

Autoincrement dst address 

R — R-l 


SOTIR * 3 

dst, src, R 

R 

(ll + 10n) 

Special Output, Incr. and Repeat 


SOTIRB * 3 




dst src 

Autoincrement dst address 

R — R-l 

Repeat until R = 0 

CPU 

COMFLG 

flags 

— 

7 — — 

Complement Flag 

Control 





(Any combination of C, Z, S, P/V) 


Dl * 3 

int 

— 

7 — — 

Disable Interrupt 

(Any combination of NVI, VI) 


El * 3 

int 

— 

7 — — 

Enable Interrupt 

(Any combination of NVI, VI) 


HALT * 3 

— 

— 

(8H“3n) 

HALT 


LDCTL * 3 

CTLR, src 

R 

7 — — 

Load into Control Register 

CTLR «- src 


LDCTL * 3 

dst, CTLR 

R 

7 — — 

Load from Control Register 
dst «- CTLR 


LDCTLB 

FLGR, src 

R 

7 — — 

Load into Flag Byte 

Register 

FLGR «— src 


LDCTLB 

dst, FLGR 

R 

7 — — 

Load from Flag Byte 

Register 
dst — FLGR 


LDPS * 3 

src 

IR 

12 — 16 

Load program Status 




DA 

16 20 22 

PS «— src 




X 

17 20 23 



MBIT * 3 



7 — — 

Test Multi-Micro Bit 

Reset S if Mj is Low ; set S if M t 
is High. 


MREQ * 3 

dst 

R 

(12 + 7n) 

Multi-Micro Request 


MRES * 3 

— 

— 

5 — — 

Multi-Micro Reset 


MSET * 3 

— 

— * 

5 — — 

Multi-Micro Set 


NOP 

— 

— 

7 — — 

No Operation 


RESFLG 

flag 

— 

7 — — 

Reset Flag 

(Any combination of C, Z, S, P/V) 


SETFLG 

flag 

— 

7 — — 

Set Flag 

(Any combination of C, Z, S, P/V) 


* 3: Privileged instructions. Executed in system mode only. 
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Z8010/Z8010A Memory Management Unit LH8010/LH8010A 


LH8010/LH8010A Management Unit 

■ Description ■ Pin Connections 

The Z8010 Memory Management Unit (MMU) 
manages the large 8M byte addressing spaces of 
the Z8001 CPU. The MMU provides dynamic 
segment relocation as well as numerous memory 
protection feature. 

Dynamic segment relocation makes user software 
addresses independent of the physical memory 
addresses, there by freeing the user from specify- 
ing where information is actually located in the 
physical memory. It also provides a flexible, effi- 
cient method for supporting multi-programming 
systems. The MMU uses a translation table to 
transform the 2 3 -bit logical address output from 
the Z8001 CPU into a 24-bit address for the 
physical memory. (Only logical memory addresses 
go to an MMU for translation : I/O addresses and 
data, in general, must bypass this component.) 


■ Features 

1. Dynamic segment relocation makes software 
addresses independent of physical memory 
addresses. 

2. Sophisticated memory management features in- 
clude access validation that protects memory 
areas from unauthorized or unintentional ac- 
cess, and a write-warning indicator that pre- 
dicts stack overflow- 

3. 64 variable-sized segments from 256 to 
65,536 bytes can be mapped into a total 
physical address space of 16M bytes ; all 64 
segments are randomly accessible. 

4. Multiple MMUs can support several translation 
tables for each Z8001 address space. 

5. MMU architecture supports multiprogramming 
systems and virtual memory implementations. 
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■ Block Diagram 



■ Pin Description 


Pin 

Meaning 

I/O 

Function 

Ag~ A 2 3 

Address bus 

3 -state 0 

16 most-significant bits of the physical memory loca- 
tion. 

ad 8 ~ad 15 

Address/data bus 

Bidirectional 

3-state 

8 most-significant bits of the multiplexed system 
address/data bus. 

AS 

Address strobe 

I 

Active “Low”. Addresses are valid. 

DS 

Data strobe 

I 

Active “Low”. Data are valid. 

R/W 

Read/write 

I 

Read at “High”, Write at “Low”. 

N/S 

Normal/system 

I 

Normal mode at “High”, System mode at “Low”. 

ST 0 ~ST 3 

Status 

I 

Specifies Z8001 CPU status. 

SN 0 ~SN 6 

Segment number 

i 

Designates segments to be accessed. 

SUP 

Suppress 

Open drain 

Active “Low”. Indicates any access violation except 
write warning. 

SEGT 

Segment trap reguest 

0 

Active “Low”. Detects an access violation or write 
warning. 

CS 

Chip select 

I 

Active “Low”. Selects an MMU for a control command. 

DMASYNC 

DMA/segment number 
Synchronization strobe 

I 

Active “High”. Segment numbers are valid. 

RESET 

Reset 

I 

Active “Low”. Resets the MMU. 

CLK 

System clock 

I 

Standard Z8000 system clock used as internal sync 
signal. 
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■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Input voltage 

Vin 

— 0.3 — b7.0 

V 

Output voltage 

VoUT 

-0.3- + 7.0 

V 

Operating temperature 

T 

A opr 

0 — 1-70 

°c 

Storage temperature 

Zstg 

-65 — 4-150 

°c 


■ DC Characteristics 


+5 V 


From Q 

output under test] 


T 22 k£2 


4 am 


77r 7fr itr 

(V CC =5V±5%, Ta=0~70°C) 


Parameter 

Symbol 

Conditions 

| MIN. 

MAX. 

Unit 

Clock input high voltage 

VcH 

Driven by external 
clock oscillator 

< 

0 

0 

1 

0 

Vcc + 0.3 

V 

Clock input low voltage 

V CL 

Driven by external 
clock oscillator 

-0.3 

0.45 

V 

Input high voltage 

V,H 


2.0 

Vcc + 0.3 

V 

Input low voltage 

V, L 


-0.3 

0.8 

V 

Output high voltage 

VoH 

loti — ~250 

2.4 


V 

Output low voltage 

V OL 

Iol = 4* 2.0mA 


0.4 

V 

Input leakage current 

H.J 

0.4 ^V IN ^ 2.4 V 


10 

M 

Output leakage current 

1 IoL 1 

0.4^V OUT ^2.4V 


10 

M 

Current consumption 

Icc 



300 

mA 


The on-chip back-bias voltage oscillator takes approximately 20 ms to pump the back-bias voltage to —2.5V after the power 
has been turned on. The performance of the Z8010 Z-MMU is not guaranteed during this period. 


■ AC Characteristics 


No. 

Symbol 

Parameter 

LH8010 | 

LH8D10A 1 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

1 

TcC 

Clock cycle time 

250 


165 


ns 


2 

TwCh 

Clock width (high) 

105 


70 


ns 


3 

TwCl 

Clock width (low) 

105 


70 


ns 


4 

TfC 

Clock fall time 


20 


10 

ns 


5 

TrC 

Clock rise time 


20 


15 

ns 


6 

TdDSA (RDv) 

DS i (acknowledge) to read data 
valid delay 


100 


80 

ns 

1 

7 

TdDSA (RDf) 

DS t (acknowledge) to read data 
float delay 


75 


60 

ns 


8 

TdDSR (RDv) 

DS i (read) to AD output driven delay 


100 


80 

ns 

1 

9 

TdDSR (RDf) 

DS t (read) to read data float delay 


75 


60 

ns 

1 

10 

TdC (WDv) 

CLK t to write data valid delay 


125 


80 

ns 


11 

TdC (WDn) 

CLK 1 to write data not valid 
hold time 

30 


20 


ns 


12 

TwAS 

Address strobe width 

60 


50 


ns 


13 

TsOFF (AS) 

Offset valid to AS t setup time 

45 


35 


ns 


14 

ThAS (OFFn) 

AS t to offset not valid hold time 

60 


40 


ns 


15 

TdAS (C) 

AS 1 to CLK t delay 

110 

( 

90 


ns 


16 

TdDS (AS) 

DS t to AS I delay 

50 


30 


ns 
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No. 

Symbol 

Parameter 

| LH8010 

| LH8010A 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

17 

TdAS (DS) 

AS t to DS 4 delay 

50 


40 


ns 


18 

TsSN (C) 

SN data valid to CLK t setup time 

100 


40 


ns 


19 

ThC (SNn) 

CLK t to SN data not valid hold time 

0 


0 


ns 


20 

TdDMAS (C) 

DMASYNC valid to CLK t delay 

120 


80 


ns 


21 

TdSTNR (RS) 

Status (ST 0 -ST 3 , N/S, R/W) valid to 

AS t delay 

50 


30 


ns 


22 

Tdc (DMA) 

CLK t to DMASYNC i delay 

20 


15 


ns 


23 

TdST (C) 

Status (ST 0 -ST 3 ) valid to CLK t delay 

100 


60 


ns 


24 

TdDS (STn) 

DS t to status not valid delay 

x° 


0 


ns 


25 

TdOFF (Av) 

Offset valid to address output 
valid delay 


175 


90 

ns 

1 

26 

TdST (Ad) 

Status valid to address output 
driven delay 


155 


75 

ns 

1 

27 

TdDS (Af) 

DS t to address output float delay 


160 


130 

ns 

1 

28 

TdAS (Ad) 

AS 4 to addres output driven delay 


145 


70 

ns 

1 

29 

TdC (Av) 

CLK f to address output valid delay 


255 


155 

ns 

1 

30 

TdAS (SEGT) 

CLK t to SEGT t delay 


160 


100 

ns 

1, 2 

31 

TdC (SEGT) 

AS t to SUP i delay 


300 


200 

ns 

1, 2 

32 

TdAS (SUP) 

DS t to SUP i delay 


150 


90 

ns 

1, 2 

33 

TdDS (SUP) 

Chip select input valid to AS t 
setup time 


155 


100 

ns 

1, 2 

34 

TsCS (AS) 

ASi t to chip select input not valid 
hold time 

10 


10 


ns 


35 

ThAS (CSn) 

AS t to CLK t delay 

60 


40 


ns 


36 

TdAS (C) 

AS t to SEGT t delay 

0 


0 


ns 


37 

TsCS (RST) , 

Chip select input valid to RESET t 
setup time 

150 


100 


ns 


38 

ThRST (CSn) 

RESET t to chip select input not valid 
hold time 

0 


0 


ns 


39 

TwRST 

RESET width (low) 

2TcC 


2TcC 


ns 


40 

TdC (RDv) 

CLK t to read data valid delay 


460 


.300 

ns 

1 

41 

TdDS (C) 

DS t to CLK t delay 

30 


20 


ns 


42 

TdC (DS) 

CLK i toDS t delay 

0 


0 


ns 



t Rising edge, 4 Falling edge. 
Note 1: 50pF Load 
Note 2: 2.2kO Pull-up 
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■ MMU Register Organization 

The MMU contains three types of registers : Seg- 
ment Descriptor, Control and Status. A set of 64 
Segment Descriptor Registers supplies the informa- 
tion needed to map logical memory addresses to 
physical memory locations. The segment number of 
a logical address determines which Segment De- 
scriptor Register is used in address translation. 
Each Descriptor Register also contains the neces- 
sary information for checking that the segment 
location referenced is within the bounds of the seg- 
ment and that the type of reference is permitted. It 
also indicates whether the segment has been read 
or written. 

In addition to the Segment Descriptor Registers, 
the Z8010 MMU contains three 8-bit control reg- 
isters for programming the device and six 8-bit 
status registers that record information in the 
event of an access violation. 

(1) Segment Descriptor Registers 

Each of the 64 Descriptor Registers contains a 
16-bit base address field and an 8-bit attribute 
field (Fig. 1). The base address field is subdivided 
into high- and low -order bytes that are loaded one 
byte at a time when the descriptor is initialized. 
The limit field contains a value N that indicates N 
+ 1 blocks of 256 bytes have been allocated to the 
segment. 

The attribute field contains eight flags (Fig. 2). 
Five are related to protecting the segment against 
certain types of access, one indicates the special 


BASE ADDRESS LIMIT ATTRIBUTE 
FIELD FIELD FIELD 

/ A "\ 

15 87 07 07 0 

SDRO 
SDR1 
SDR2 


SDR63 


Fig. 1 Segment description registers 

7 0 


REF 

CHG 

DIRW 

DMAI 

EXC 

CPUI 

SYS 

RD 


Fig. 2 Attribute field in segment description 
registers 


BAHO 

BALO 

L0 

AO 

BAH1 

BALI 

LI 

A1 

BAH2 

BAL2 

L2 

A2 

BAH63 

BAL63 

L63 

A63 


structure of the segment, and two encode the types 
of access that have been made to the segment. A 
flag is set when its value is 1. The following brief 
descriptions indicate how these flags are used. 

( 1 ) Read-Only (RD) When this flag is set, 
the segment is read only and is protected against 
any write access. 

(ii) System-Only (SYS) When this flag is 
set, the segment can be accessed only in System 
mode, and is protected against any access in Nor- 
mal mode. 

(Hi) CPU-Inhibit (CPUI) When this flag is 
set, the segment is not accessible to the currently 
executing process, and is protected against any 
memory access by the CPU. The segment is, howev- 
er, accessible under DMA. 

(iv) Execute-Only (EXC) When this flag is 
set, the segment can be accessed only during an in- 
struction fetch or access by the relative addressing 
mode cycle, and thus is protected against any ac- 
cess during other cycles. 

(v) DMA-Inhibit (DMAI) When this flag is 
set, the segment can be accessed only by the CPU, 
and thus is protected against any access under 
DMA. 

(vi) Direction and Warning (DIRW) When 
this flag is set, the segment memory locations are 
considered to be organized in descending order and 
each write to the segment is checked for access to 
the last 256-byte block. Such an access generates a 
trap to warn of potential segment overflow, but no 
Suppress signal is generated. 

(vii) Changed (CHG) When this flag is set, 
the segment has been changed (written). This bit is 
set automatically during any write access to this 
segment if the write access does not cause any 
violation. 

M Referenced (REF) When this flag is 
set, the segment has been referenced (either read or 
written). This bit is set automatically during any 
access to the segment if the access does not cause a 
violation. 

(2) Control Registers 

The three user-accessible 8-bit control registers 
in the MMU direct the functioning of the MMU 
(Fig. 3 ).The Mode Register provides a sophisti- 
cated method for selectively enabling MMUs in 
multiple-MMU configurations. The Segment 
Address Register (SAR) selects a particular Seg- 
ment Descriptior Register to be accessed during a 
control operation. The Descriptor Selection Coun- 
ter Register points to a byte within the Segment De- 
scriptor Register to be accessed during a control 
operation. 
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The Mode Register contains a 3-bit identifica- 
tion field (ID) that distinguishes among eight en- 
abled MMUs in a multiple-MMU configuration. 
This field is used during the segment trap acknow- 
ledge sequence (refer to the section on Segment 
Trap and Acknowledge). In addition, the Mode Reg- 
ister contains five flags. 


7 




3 

2 

0 

MSEN 

TRNS 

URS 

MST 

NMS 

ID 

1 1 

7 

6 

MODE REGISTER (MR) 
5 

0 

1 

SEGMENT DESCRIPTOR NUMBER 

1 1 1 1 I 

7 


SEGMENT ADDRESS 

2 

1 0 

1 1 1 1 1 

DSC 

1 


DESCRIPTOR SELECTION COUNT REGISTER (DSCR) 


Fig. 3 Countrol registers 

(i) Multiple Segment Table (MST) This 
flag indicates whether multiple segment tables are 
present in the hardware configuration. When this 
flag is set, more than one table is present and the 
N/S line must be used to determine whether the 
MMU contains the appropriate table. 

(ii) Normal Mode Select (NMS) This flag 
indicates whether the MMU is to translate addres- 
ses when the N/SJ.ine is High or Low. If the MST 
flag is set, the N/S line must match the NMS flag 
for the MMU to translate segment addresses, other- 
wise the NMU Address lines remain 3-stated. 

(iii) Upper Range Select (URS) This flag 
is used to indicate whether the MMU contains the 
lower-numbered segment descriptors or the high- 
er-numbered segment descriptors. The most signi- 
ficant bit of the segment number must match the 
URS flag for the MMU to translate segment addres- 
ses, otherwise the MMU Address lines remain 
3-stated. 

(iv) Translate (TRNS) This flag indicates 
whether the MMU is to translate logical program 
addresses to physical memory locations or is to 
pass the logical addresses unchanged to the mem- 
ory and without protection checking. In the non- 
translation mode, the most significant byte of the 
output is the 7-bit segment number and the most 
significant bit is 0. 

When this flag is set, the MMU performs address 
translation and attribute checking. 

(v) Master Enable (MSEN) This flag en- 


ables or disables the MMU from performing its 
address translation and memory protection func- 
tions. When this flag is set, the MMU performs 
these tasks ; when the 'flag is clear the Address 
lines of the MMU remain 3-stated. 

The Segment Address Register (SAR) points to 
one of the 64 segment descriptors. Control com- 
mands to the MMU that access segment descriptors 
implicitly use this pointer to select one of the de- 
scriptors. This register has an auto-incrementing 
capability so that multiple descriptors can be 
accessed in a block read/write fashion. 

The Descriptor Selection Counter Register holds 
a 2-bit counter that indicates which byte in the de- 
scriptor is being accessed during the reading or 
writing operation. A value of zero in this counter 
indicates the high-order byte of the base address 
field is to be accessed, one indicates the low-order 
byte of the base address, two indicates the limit 
field and three indicates the attribute field. 

(3) Status Registers 

Six 8-bit registers contain information useful in 
recovering from memory access violations (Fig. 4). 
The Violation Type Register describes the condi- 
tions that generated the trap. The Violation Seg- 
ment Number and Violation Offset Registers record 
the most-significant 15 bits of the logical address 
that causes a trap. The Instruction Segment Num- 
ber and Offset Registers record the most-signific- 
ant 15 bits of the logical address of the last in- 
struction fetched before the first accessing viola- 
tion. These two registers can be used in conjunc- 
tion with external circuitry that records the low- 
order offset byte. At the time of the addressing 
violation, the Bus Cycle Status Register records the 
bus cycle status (status code, read/write mode and 
normal/system mode). 

The MMU generates a Trap Request for two 
general reasons : either it detects an access viola- 
tion, such as an attempt to write into a read-only 
segment, or it detects a warning condition, which is 
a write into the lowest 256 bytes of a segment with 
the DIRW flag set. When a violation or warning 
condition is detected, the MMU generates a Trap 
Request and automatically sets the appropriate 
flags. The eight flags in the Violation Type Regis- 
ter describe the cause of a trap. 

Read-Only Violation (RDV) Set when the 
CPU attempts to access a read-only segment and 
the R/W line is Low. 

System Violation (SYSV) Set when the CPU 
accesses a system-only segment and the N/S line 
is High. 
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CPU-Inhibit Violation (CPUIV) Set when the 
CPU attempts to access a segment with the CPU- 
inhibit flag set. 

Execute-Only Violation (EXCV) Set when 
the CPU attempts to access an excute-only segment 
in other than an instruction fetch or load relative 
instructions cycle. 

Segment Length Violation (SLV) Set when 
an offset falls outside of the legal range of a seg- 
ment. 

Primary Write Warning (PWW) Set when an 
access is made to the lowest 256 bytes of a seg- 
ment with the DIRW flag set. 

Secondary Write Warning (SWW) Set 

when the CPU pushes data into the last 256 bytes 
of the system stack and EXCV, CPUIV, SLV, 
SYSV, RDV or PWW is set. Once this flag is set, 
subsequent write warnings for accessing the sys- 
tem stack do not generate a Segment Trap request. 

Fatal Condition (FATL) Set when any other 
flag in the Violation Type Register is set and either 
a violation is detected or a write warning condition 
occurs in Normal mode. This flag is not set during 
a stack push in System mode that results in a 
warning condition. This flag indicates a memory 
access error has occurred in the trap processing 


FATL 

SWW 

PWW 

EXCV 

CPUIV 

SLV 

SYSV 

RDV 


VIOLATION TYPE 


SEGMENT NUMBER 

J I I I I L 


VIOLATION SEGMENT NUMBER 
7 0 


UPPER OFFSET 


7 

6 

VIOLATION 
5 4 

OFFSET 

3 0 

0 

0 

1 

N/S 

R/W 

CPU STATUS 

1 -1 1 


BUS CYCLE STATUS 


SEGMENT NUMBER 

J I I I L_ 


INSTRUCTIONS SEGMENT NUMBER 
7 0 


.L 


UPPER OFFSET 

-J I I I 1 


INSTRUCTION OFFSET 


Fig. 4 Status registers 


routine. Once set, no Trap Request signals are 
generated on subsequent violations. However, Sup- 
press signals are generated on this and subsequent 
CPU violations until the FATL flag has been reset. 

■ Memory Protection 

Each memory segment is assigned several attri- 
butes that are used to provide memory access pro- 
tection. A memory request from the Z8001CPU is 
accompanied by status information that indicates 
the attributes of the memory request. The MMU 
compares the memory request attributes with seg- 
ment attributes and generates a Trap Request 
whenever it detects an attribute violation. Trap Re- 
quest informs the Z8001 CPU and the system con- 
trol program of the violation so that appropriate 
action can be taken to reco ver. T he MMU also 
generates the Suppress signal SUP in the event of 
an access violation. Suppress can be used by a 
memory system to inhibit stores into the memory 
and thus protect the contents of the memory from 
erroneous changes. 

Five attributes can be associated with each seg- 
ment. When an attempted access violates any one of 
the attributes associated with a segment, a Trap 
Request and a Suppress signal are generated by the 
MMU. These attributes are read only, execute only, 
system access only, inhibit CPU accesses and in- 
hibit DMA accesses. 

Segments are specified by a base address and a 
range of legal offsets to this base address. On each 
access to a segment, the offset is checked against 
this range to insure that the access falls within the 
allowed range. If an access that lies outside the seg- 
ment is attempted, Trap Request and Suppress are 
generated. 

Normally the legal range of offsets within a seg- 
ment is form 0 to 256N + 255 bytes, where 0 ^ 
N ^ 255. However, a segment may be specified so 
that legal offsets range from 256N to 65,535 
bytes, where 0 ^ N ^ 255. The later type of seg- 
ment is useful for stacks since the Z8000 stack 
manipulation instructions cause stacks to grow 
towerd lower memory locations. Thus when a stack 
grows to the limit of its allocated segment, addition- 
al memory can be allocated on the correct end of 
the segment. As an aid in maintaining stacks, the 
MMU detects when a write is performed to the 
lowest allocated 256 bytes of these segments and 
generates a Trap Request. No Suppress signal is 
generated so the write is allowed to proceed. This 
write warning can then be used to indicate that 
more memory should be allocated to the segment. 
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■ Segmented Addressing 

The 8M bytes Z8001 addressing spaces are di- 
vided into 128 relocatable segments of up to 64K 
bytes each. A 2 3 -bit segmented address uses a 
7 -bit segment address to point to the segment, and 
a 16-bit offset to address any byte relative to the 
beginning of the segment. The two parts of the seg- 
mented address may be manipulated separately. 

The MMU divides the physical memory into 
256-byte blocks. Segments consist of physically 
contiguous blocks. Certain segments may be desig- 
nated so that writes into the last block generate a 
warning trap. If such a segment is used as a stack, 
this warning can be used to increase the segment 
size and prevent a stack overflow error. 

The addresses manipulated by the programmer, 
used by instructions and output by the Z8001 are 
called logical addresses. The MMU takes the logic- 
al addresses and transforms them into the physical 
addresses required for accessing the memory (Fig. 
4). This address transformation process is called 
relocation. 

The relocation process is transparent to user 
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Fig. 5 Logical-to-physical address translation 


software. A translation table in the MMU associ- 
ates the 7-bit segment number with the base 
address of the physical memory segment. The 
16-bit logical address offset is added to the physic- 
al base address to obtain the actual physical mem- 
ory location. Because a base address always has a 
low byte equal to zero, 

■ Segment Trap and Acknowledge 

The Z8010 MMU generates a Segment Trap 
when it detects an access violation or a write warn- 
ing condition. In the case of an access violation, the 
MMU also activates Suppress, which can be used to 
inhibit memory writes and to flag special data to be 
returned on a read access. Segment Trap remains 
Low until a Trap Acknowlege signal is. received. If 
a CPU-generated violation occurs, Suppress is 
asserted for that cycle and all subsequent CPU in- 
struction execution cycles until the end of the in- 
struction. Intervening DMA cycles are not suppres- 
sed, however, unless they generate a violation. 
Violations detected during DMA cycles cause Sup- 
press to be asserted during that cycle only-no Seg- 
ment Trap Requests are ever generated during 
DMA cycles. 

Segment traps to the Z8001 CPU are handled 
similarly to other types of interrupts. To service a 
segment trap, the CPU issues a segment trap ack- 
nowledge cycle. The acknowledge cycle is always 
preceded by an instruction fetch cycle that is 
ignored (the MMU has been designed so that this 
dummy cycle is ignored). During the acknowledge 
cycle all enabled MMUs use the Address/Data lines 
to indicate their status. An MMU that has gener- 
ated a Segment Trap Request outputs a 1 on the A/ 
D line associated with the number in its ID field ; 
an MMU that has not generated a segment trap re- 
quest outputs a 0 on its associated A/D line. A/D 
lines for which no MMU is associated remain 
3 -stated. 

Note : The ID field is used with multiple MMUs. In the multiple 
organization one of the 8 ENABLE-state MMUs can be de- 
tected. During a segment trap acknowledge cycle, an 
MMU outputs a 1 on the A/D line associated with this 
bit, and a 0 on the other associated A/D line. If two or 
more violations occur while an instruction is being ex- 
ecuted, the CPU uses the data (high-order byte) on this 
A/D line as the distinguishing information, enabling an 
MMU, analysis in the segment trap handling routine . 

Following the acknowlege cycle the CPU auto- 
matically pushes the Program Status onto the sys- 
tem stack and loads another Program Status from 
the Program Status Area. The Segment Trap line is 
reset during the segment trap acknowledge cycle. 
Suppress is not generated during the stack push. If 
the store creates a write warning condition, a Seg- 
ment Trap Request is generated and is serviced at 
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the end of the Program Status swap. The SWW flag 
is also set. Servicing this second Segment Trap Re- 
quest also creates a write warning condition, but 
because the SWW flag is set, no Segment Trap Re- 
quest is generated. If a violation rather than a 
write warning occurs during the Program Status 
swap, the FATL flag is set rather than the SWW 
flag. Subsequent violations cause Suppress to be 
asserted but not Segment Trap Request. Without 
the SWW and FATL flags, trap processing 
routines that generate memory violations would re- 
peatedly be interrupted and called to process the 
trap they created. 

The CPU routine to process a trap request 
should first check the FATL flag to determine if 
a fatal system error has occurred. If not, the SWW 
flag should be checked to determine if more mem- 
ory is required for the system stack. Finally, the 
trap itself should be processed and the Violation 
Type Register reset. 


■ MMU Commands 

Table 1 Segment descriptor register 
commands 


Code 

(Hex) 

Instruction 

08 

Read/write base field 

09 

Read/write limit field 

OA 

Read/write attribute field 

OB 

Read/write descriptor (all fields) 

OC 

Read/ write base field ; 

Increment SAR 

0D 

Read/write limit field ; 

Increment SAR 

0E 

Read/write attribute field ; 

Increment SAR 

OF 

Read/write descriptor ; 

Increment SAR 

15 

Set All CPU-inhibit attribute flags 

16 

Set All DMAI-inhibit attribute flags 


Three commands are used to read and write the 
control registers. 


Table 2 Control register commands 


Code 

(Hex) 

Instruction 

00 

Read/write mode register 

01 

Read/write segment address register 

20 

Read/write descriptor selector 
counter register 


The Status Registers are read-only registers, 
although the Violation Type Register (VTR) can be 
reset. Nine instructions access these registers. 


Table 3 Status register commands 


Code 

(Hex) 

Instruction 

02 

Read violation type register 

03 

Read violation segment 
number register 

04 

Read violation offset 
(high-byte) register 

05 

Read bus status register 

06 

Read instruction segment 
number register 

07 

Read instruction offset 
(high-byte) register 

11 

Reset violation type register 

13 

Reset SWW flag in VTR 

14 

Reset FATL flag in VTR 
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I UOAOn /I UOA9AA Z8030/Z8030A Serial 
LnOUOU/ LnOvO UM Communications Controller 

■ Description ■ Pin Connections 


The Z8030 Z-SCC Serial Communications Con- 
troller is a dual-channel, multi-protocol data com- 
munications peripheral designed for use with the 
Zilog Z-Bus. The Z-SCC functions as a serial- 
to-parallel, parallel-to-serial converter/ 
controller. The Z-SCC can be software-con- 
figured to satisfy a wide variety of serial com- 
munications applications. The device contains a 
variety of new, sophisticated internal functions in- 
cluding on-chip baud rate generators, Digital 
Phase-Locked Loops, and crystal oscillators that 
dramatically reduce the need for external logic. 

The Z-SCC handles asynchronous formats, syn- 
chronous byte-oriented protocols such as IBM 
Bisync, and Synchronous bit-oriented protocols 
such as HDLC and IBM SDLC. This versatile de- 
vice supports virtually any serial data transfer ap- 
plication (cassette, diskette, tape drives, etc.). 

The device can generate and check CRC codes in 
any Synchronous mode and can be programmed to 
check data integrity in various modes. The 
Z-SCC also has facilities for modem controls in 
both channels. In applications where these con- 
trols in both channels. In applications where 
these controls are not needed, the modem controls 
can be used for general-purpose I/O. 

The Z~Bus daisy-chain interrupt hierarchy is 
also supported as is standard for Zilog peripheral 
components. 

The LH8030A Z8030A SCC is the high speed 
version which can operate at 6MHz system clock. 


■ Features 

1. Two independent, 0 to 1M bit/second, full-du- 
plex channels, each with a separate crystal 
oscillator, baud rate generator, and Digital 
Phase-Locked Loop for clock recovery. 

2. Multi protocol operation under program con- 
trol ; programmable for NRZ, NRZI, or FM 
data encoding. 

3. Asynchronous mode with five to eight bits and 
one, one and one-half, or two stop bits per 
character ; programmable clock factor ; break 
detection and generation ; parity, overrun, and 
framing error detection 


r \ 


AD, II 


40] AD 0 

ad 3 E 

o 

39] AD 2 

ad 5 GE 


38 ] AD 4 

ad 7 E 


37 ) AD 6 

Int (T 


36] DS 

ieo GE 


HI AS 

IEI E 


1 R/W 

INTACK Li 


1 CSo 

+ 5V QT 


1 OS, 

W/REQA (To 


1 GND 

SYNCA [n 


1 W/REQb 

RTxCA (g 


HI SYNCB 

RxDA [T3 


28 | RTxCB 

TRxCA \U 


13 RxDB 

TxDA [IF 


13 TRxCB 

DTR/REQA (]6 


HTxDB 

RTSA Q7 


H DTR/REQB 

CTSA [IF 


Drtsb 

DCDA [IF 


MIctsb 

PCLK [20 


11 DCDB t7 


V J 

Top View 


4. Synchronous mode with internal or external 
character synchronization on one or two syn- 
chronous characters and CRC generation and 
checking with CRC- 16 or CRC-CCITT preset 
to either Is or Os. 

5. SDLC/HDLC mode with comprehensive frame- 
level control, automatic zero insertion and 
delection, I-field residue handing, abort gen- 
eration and detection, CRC generation and 
checking, and SDLC Loop mode operation. 

6. Local Loopback and Auto Echo modes. 
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■ Block Diagram 
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Z8030/Z8030A Serial Communications Controller 


■ Pin Description 


Pin 

Meaning 

I/O 

Function 

AD 0 ' AD 7 

Address/data bus 

Bidirectional 

3-state 

Multiplexed system address/data bus. 

AS 

Address strobe 

I 

Active “Low”. Addresses are valid. 

DS 

Data strobe 

I 

Active “Low”. Data are valid. 

R/W 

Read/write 

I 

Read at “High”, Write at “Low”. 

cs^ 

Chip select 0 

I 

Active “Low”. Selects an MMU for a control command. 

CSi 

Chip select 1 

I 

Active “High”. Selects an MMU for a control command. 

INT 

Interrupt request 

0 

Active “Low”. Requests an interrupt. 

INTACK 

Interrupt acknowledge 

I 

Active “Low”. Indicates an active interrupt acknowledge 
cycle. 

IEI 

Interrupt enable input 

I 

Active “High“. Forms an interrupt daisy chain to give an 
interrupt priority. 

IEO 

Interrupt enable output 

0 

Active “High”. Forms an interrupt daisy chain to give an 
interrupt priority. 

W/REQA 

W/REQB 

Wait/ request 

Open drain 

Active “Low”. Programmed as Request lines for a DfylA 
controller or as Wait lines to synchronize the CPU. 

CTSA 

STSB 

Clear to send 

I 

Active “Low”. Enables the respective transmitters to 
send signals. Can be used as general-purpose input pins. 

RTSA 

RTSB 

Request to send 

0 

Active “Low”. Goes High after the transmitter is empty. 
Can be used as general-purpose output pins. 

TxDA, TxDB 

Transmit data 

I 

Transmits data. 

DCDA 

DCDB 

Data carrier detect 

I 

Active “Low”. Enables the receiver to receive signals. 
Can be used as general-purpose input pins. 

RxDA, RxDB 

Receive data 

I 

Receives data. 

RTxCA, RTxCB 

Recive/transmit clocks 

I 

Transmission-purpose clocks. 

TRxCA, TRxCB 

Transmit/receive clocks 

I/O 

Transmission-purpose clocks. 

DTR/REQA 

DTR/REQB 

Data terminal 
Ready/request 

0 

Active “Low”. Request lines for a DMA controller. Can 
be used as general-purpose output pins. 

SYNCA 

SYNCB 

Synchronization 

I/O 

Active “Low”. Indicates a synchronization mode. Switch- 
es synchronization mode. Switches to input or output de- 
pending on modes. 

PCLK 

Clock 

1 

Single-phase clock. Not required tobe the same as for the 
CPU. 


Note : When AS and DS are at “Low” at the same time, the Z-SCC resets. 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Input voltage 

v IN 

— 0.3~ + 7.0 

V 

Output voltage 

VquT 

— 0.3— +7.0 

V 

Operating temperature 

Toor 

0- + 70 

°C 

Storage temperature 

l§£g 

— 55 — b 150 

°c 


+ 5 V 
►2.2 kft 


Output pin O- 


100pF^(f)oJ 


nr nr 


£ 


Standard test load 


+5V 

T 2.2 k 0 

Output pinO f 


1 


50 pF 


Open drain test load 
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■ DC Characteristics (v cc =5V±5%,Ta=o~+70°C) 


Parameter 

Symbol 

Conditions 

MIN. 

MAX. 

Unit 

Input high voltage 

V,„ 


2.0 

Vcc + 0.3 

V 

Input low voltage 

V, L 


-0.3 

0.8 

V 

Output high voltage 

VoH 

I< )H = — 250 fiA 

2.4 


V 

Output low voltage 

V 0 L 

Iql == H~ 2.0mA 


0.4 

V 

Input leakage current 

1 IlL 1 

0.4^V IN ^2.4V 


10.0 

M 

Output leakage current 

1 IOL 1 

0.4^V O ut^2.4V 


10.0 


Supply current 

Icc 



250 

mA 


■ Capacitance (f=iMHz,Ta=o~+7o”C) 


Parameter 

Symbol 

Conditions 

MIN. 

MAX. 

Unit 

Input capacitance 

Cin 

Unmeasured pins 
returned to ground 


10 

P F 

Output capacitance 

Cout 


15 

pF 

Bidirectional capacitance 

Ci/o 


20 

pF 


■ AC Characteristics 


No. 

Symbol 

Parameter 

| LH8030 

LH8030A 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

1 

TwAS 

AS low width 

70 


50 


ns 


2 

TdDS (AS) 

DS t to aS i delay time 

50 


25 


ns 


3 

TsCSo (AS) 

CS 0 to AS t setup time 

0 


0 


ns 

1 

4 

ThCS 0 (AS) 

CS 0 to AS 1 hold time 

60 


40 


ns 

1 

5 

TsCSi (DS) 

CS! to DS 1 setup time 

. 100 


80 


ns 

1 

6 

ThCSi (DS) 

CSi to DS t hold time 

55 


40 


ns 

1 

7 

TsIA (AS) 

INTACK to AS t setup time 

0 


0 


ns 


8 

ThIA (AS) 

INTACK to AS t hold time 

250 


250 


ns 


9 

TsRWR (DS) 

R/W (read) to DS 1 setup time 

100 


80 


ns 


10 

ThRW (DS) 

R/W to DS t hold time 

55 


40 


ns 


11 

TsRWW (DS) 

R/W (write) to DS i setup time 

0 


0 


ns 


12 

TdAS (DS) 

AS t to DS i delay time 

60 


40 


ns 


13 

TwDSi 

DS low width 

390 


250 


ns 


14 

TrC 

Valid access recovery time 

6TcPC+200 


6TcPC+130 


ns 

2 

15 

TsA (AS) 

Address to AS t setup time 

30 , 


10 


ns 

1 

16 

ThA (AS) 

Address to AS t hold time 

50 


30 


ns 

1 

17 

TsDW (DS) 

Write data to DS i setup time 

30 


20 


ns 


18 

ThDW (DS) 

Write data to DS t hold time 

30 


20 


ns 


19 

TdDS (DA) 

DS 1 to data active delay time 

0 


0 


ns 


20 

TdDSr (DR) 

DS t to read data not valid delay 

0 


0 


ns 


21 

TdDSf (DR) 

DS 1 to read data valid delay time 


250 


180 

ns 


22 

TdAS (DR) 1 

AS t to read data valid delay time 


520 


335 

ns 


23 

TdDS (DRz) 

DS t to read data float delay time 


70 


45 

ns 

3 

24 

TdA (DR) 

Address required valid to read 
data valid delay 


570 


420 

ns 


25 

TdDS (W) 

DS 1 to wait valid delay 


240 


200 

ns 

4 

26 

TdDSf (REQ) 

DS i to W/REQ not valid delay 


240 


200 

ns 


27 

TdDSr (REQ) 

DS t to DTR/REQ not valid delay 


5TcPC+300 


5TcPC+250 

ns 
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No. 

Symbol 

Parameter 

! LH8030 | 

LH8030A 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

28 

TdAS (INT) 

AS t to INT valid delay 


500 


500 

ns 

4 

29 

TdAS (DSA) 

AS t to DS i (acknowledge) delay 





ns 

5 

30 

TwDSA 

DS (acknowledge) low width 

390 


250 


ns 


31 

TdDSA (DR) 

DS i (acknowledge) to read data 
valid delay 


250 


180 

ns 


32 

TsIEI (DSA) 

IEI to DS i (acknowledge) setup time 

120 


100 


ns 


33 

ThIEI (DSA) 

IEI to DS t (acknowledge) hold time 

0 


0 


ns 


34 

TdlEI (IEO) 

IEI to IEO delay 


120 


100 

ns 


35 

TdAS (IEO) 

AS t to IEO delay 


250 


250 

ns 

6 

36 

TdDSA (INT) 

DS 1 (acknowledge) to INT inactive 
delay 


500 


500 

ns 

4 

37 

TdDS (ASQ) 

DS t to AS i delay for no reset 

30 


15 


ns 


38 

TdASQ (DS) 

AS t to DS 1 delay for no reset 

30 


30 


ns 


39 

TwRES 

AS and DS coincident low for reset 

250 


250 


ns 


40 

TwPCI 

PCLK low width 

105 

2000 

70 

1000 

ns 


41 

TwPCh 

PCLK high width 

105 

2000 

70 

1000 

ns 


42 

TcPC 

PCLK cycle time 

250 

4000 

165 

2000 

ns 


43 

TrPC 

PCLK rise time 


20 


15 

ns 


44 

TfPC 

PCLK fall time 


20 


10 

ns 



Note : t Rising edge, I falling edge. 

Note 1: Parameter does not apply to interrupt acknowledge transactions. 

Note 2: Parameter applies only between transactions involving the Z-SCC. 

Note 3: Float delay is defined as the time required for a +0.5 V change in the output with a maximum dc load and minimum ac load. 

Note 4: Open-drain output, measured with open-drain test load. 

Note 5: Parameter is system dependent. For any Z-SCC in the daisy chain, TdAS (DSA) must be greater than the sum of TdAS (IEO) for the 
highest priority device in the daisy chain, TsIEI (DSA) for the Z-SCC, and TdlEIf (IEO) for each device separating them in the daisy 
chain. ' 

Note 6: Parameter applies only to a Z-SCC pulling INT Low at the beginning of the Interrupt Acknowledge transaction. 


AS 

H© 


INTACK \ 

* 

f 


- — — H 


4 


DS 



< (?§) - 


ADo~ AD? 


m- 

\ r r . 


IEI 


~ ■> 

L 




] 

IEO 







' 1 

Int 

h — ® — ^ 



Interrupt acknowledge timing 
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Read and write timing 



PCLK 



Cycle timing 
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■ General Timing 


No. 

Symbol 

Parameter 

| LH8030 

j LH8030A 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

1 

TdPC (REQ) 

PCLK i to W/REQ valid delay 


250 


250 

ns 


2 

TdPC (W) 

PCLK i to wait inactive delay 


350 


350 

ns 


3 

TsRXC (PC) 

RXC t to PCLK t setup time 

50 


50 


ns 

1, 4 

4 

TsRXD (RXCr) 

RXD to RXC t setup time ( X 1 mode) 

0 


0 


ns 

1 

5 

ThRXD (RXCr) 

RXD to RXC t hold time (XI mode) 

150 


150 


ns 

1 

6 

TsRXD (RXCf) 

RXD to RXC i setup time (XI mode) 

0 


0 


ns 

1, 5 

7 

ThRXD (RXCf) 

RXD to RXC i hold time (XI mode) 

150 


150 


ns 

1, 5 

8 

TsSY (RXC) 

SYNC to RXC t setup time 

-200 


-200 


ns 

1 

9 

ThSY (RXC) 

SYNC to RXC t hold time 

3TcPC+200 


3TcPC+200 


ns 

1 

10 

’ TsTXC {PC) 

TXC i to PCLK t setup time 

0 


0 


ns 

2, 4 

11 

TdTXCf (TXD) 

TXC i to TXD delay (XI mode) 


300 


,300 

ns 

2 

12 

TdTXCr 

(TXD) 

TXC t to TXD delay (XI mode) 


300 


300 

ns 

2, 5 

13 

TdTXD (TRX) 

TXD to TRDC delay (send clock echo) 





ns 


14 

TwRTXh 

RTXC high width 

180 


180 


ns 


15 

TwRTXI 

RTXC low width 

180 


180 


ns 


16 

TcRTX 

RTXC cycle time 

400 


400 


ns 


17 

TcRTXX 

Crystal oscillator period 

250 

1000 

250 

1000 

ns 

3 

18 

TwTRXh 

TRXC high width 

180 


180 


ns 


19 

TwTRXI 

TRXC low width 

180 


180 


ns 


20 

TcTRX 

TRXC cycle time 

400 


400 


ns 


21 

TwEXT 

DCD or CTS pulse width 

200 


200 


ns 


22 

TwSY 

SYNC pulse width 

200 




ns 



Note : t Ris in g edge, 1 Fallin g edge. 

Note 1: RxC is RTxC or TRxC, whichever is supplying the receive clock. 

Note 2: TxC is TRx C or RTxC , whichever is supplying the transmit clock. 

Note 3: Both RTxC and SYNC have 30 pf capacitors to the ground connected to them. 

Note 4: Parameter applies only if the data rate is one-fourth the PCLK rate. In all other cases, no phase relationship between RxC and PCLK 

or TxC and PCLK is required. 

Note 5: Parameter applies only to FM encoding/decoding 
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■ System Timing 


No. 

Symbol 

Parameter 

| LH8030 

| LH8030A | 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

1 

TdRXC (REQ) 

RxC t to W/REQ valid delay 

8 

12 

8 

12 

TcPC 

2 

2 

TdRXC (W) 

RxC t to wait inactive delay 

8 

12 

8 

12 

TcPC 

1,2 

3 

TdRXC (SY) 

RxC t to SYNC valid delay 

4 

7 

4 

7 

TcPC 

2 

4 

TdRXC (INT) 

RxC t INT valid delay 

8 

+ 2 

12 

+ 3 

8 

+ 2 

12 

+ 3 

TcPC 
AS t 

1,2 

5 

TdTXC (REQ) 

TxC i to W/REQ valid delay 

5 

8 

5 

8 

TcPC 

3 

6 

TdTXC (W) 

TxC i to wait inactive delay 

4 

8 

5 

8 

TcPC 

1,3 

7 

TdTXC (DRQ) 

TxC i to DTR/REQ valid delay 

4 

7 

4 

7 

TcPC 

3 

8 

TdTXC (INT) 

TxC i to INT valid delay 

4 

+ 2 

6 

+ 3 

4 

+ 2 

6 

+ 3 

TcPC 
AS I 

1,3 

9 

TdSY (INT) 

SYNC transition to INT valid delay 

2 

3 

2 

3 

AS T 

1 

10 

TdEXT (INT) 

DCD or CTS transition to INT 
valid delay 

2 

3 

2 

3 

AS t 

1 


Note: t Rising edge, I Falling edge. 

Note 1: Open -d rain ou tp ut mea sured with open-drain test load. 

Note 2: RxC is RTxC or TRxC, whichever is supplying the receive clock. 
Note 3: TxC is TRxC or RTxC whichever is supplying the transmit clock. 
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■ Data Communications Capabilites 

The Z-SCC provides two independent full-du- 
plex channels programmable for use in any com- 
mon Asynchoronous or Synchronous datacommu- 
nication protocol. Fig. 1 illustrates these protocols. 


START 

PARITY 
I STOP 

H 

MARKING | |DATA| | ' | [DATA] | ' | |DATA| | " 
UNE ASYNCHRONOUS 


|sync|data| ]\ 

[ DATA | CRCi I CRC 2 1 

MONOSYNC 

| SYNC | SYNC |DATA| ” 

|DATA| CRCi | CRC 2 | 

SIGNAL! BISYNC 

|DATA| ;; 

|DATA| CRCi|CRC 2 | 

EXTERNAL 

SYNC 

|flag (address ■’ „ 

| CRCi I CRC 2 | FLAG) 


SDLC/HDLC/X.25 ^INFORMATION 


Fig. 1 Some Z-SCC protocols 


■ SDLC Loop Mode 

The Z-SCC supports SDLC Loop mode in addi- 
tion to normal SDLC. In an SDLC Loop, there is a 
primary controller station that manages the mes- 
sage traffic flow on the loop and any number of 
secondary stations. In SDLC Loop mode, the Z-SCC 
performs the functions of a secondary station while 
a Z-SCC operating in regular SDLC mode can act 
as a controller (Fig. 2). 

A secondary station in an SDLC Loop is always 
listening to the messages being sent around the 
loop, and in fact must pass these messages to the 
rest of the loop by retransmitting them with a 
one-bit-time delay. The secondary station can 
place its own message on the loop only at specific 
times. The controller signals that secondary stati- 
ons may transmit messages by sending a special ch- 
aracter, called an EOP (End Of Poll), around the loop. 
The EOP character is the bit pattern 11111110. 
Because of zero insertion during messages, this bit 
pattern is unique and easily recognized. 

When a secondary station has a message to 
transmit and recognizes an EOP on the line, it 
chages the last binary 1 of the EOP to a 0 before 
transmission. This has the effect of turning the 
EOP into a flag sequence. The secondary station 
now places its message on the loop and terminates 
the message with an EOP. Any secondary stations 
further down the loop with messages to transmit 
can then append thier messages to the message of 
the first secondary station by the same process. 


Any secondary stations without messages to send 
merely echo the incoming messages and are prohi- 
bited from placing messages on the loop (except 
upon recognizing an EOP). 


SDLC Loop mode is a programmable option in 
the Z-SCC. NRZ, NRZI, and FM coding may all be 
used SDLC Loop mode. 



■ Data Encoding 

The Z-SCC may be programmed to encode and 
decode the serial data in four different ways (Fig. 
3). In NRZ encoding, a 1 is represented by a High 
level and a 0 is represented by a Low level. In 
NRZI encoding, a 1 is represented by no change in 
level and a 0 is represented by a change in level. In 
FM1 (more properly, bi-phase mark) a transition 
occurs at the beginning of every bit cell. A 1 is rep- 
resented by an additional translation at the center 
of the bit cell and a 0 is represented by no addi- 
tional transition at the center of the bit cell. FMO 
(bi-phase space), a transition occurs at the begin- 
ning of every bit cell. A 0 is represented by an 
additional transition at the center of the bit cell, 
and a 1 is represented by no additional transition 
at the center of the bit cell. In addition to these four 
methods, the Z-SCC can be used to decode Man- 
chester (bi-phase level) data by using the DPLL in 
the FM mode and programming the receiver for 
NRZ data. Manchester encoding always produces a 
transition at the center of the bit cell. If the transi- 
tion is 0 to 1, the bit is a 0. If the transition is 1 to 
0, the bit is a 1. 
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■ Auto Echo and Local Loopback 

The Z-SCC is capable of automatically echoing 
everything it receives. This feature is useful main- 
ly in Asynchronous modes, but works in Synchro- 
nous and SDLC modes as well. In Auto Echo mode, 
TxD is RxD. Auto Echo mode can be used with 
NRZI or FM encoding with no additional delay, be- 
cause the data stream is not decode d be fore re- 
transmission. In Auto Echo mode, the CTS input is 
ignored as a transmitter . enable (although transi- 
tions on this input can still cause interrupts if 
programmed to do so). In this mode, the transmitter 
is actually bypassed and the programmer is re- 
sponsible for disa bling transmitter interrupts and 
WAIT/REQUEST on transmit. 

The Z-SCC is also capable of Local Loopback . In 
this mode TxD is RxD, just as in Auto Echo mode. 
However, in Local Loopback mode, the internal 
data is tied to the internal receive data and R xD is 
igno red (e xcept to be echoed out via TxD). The CTS 
and DCD inputs are also ignored as transmit and 
receive enables. However, transitions on these in- 
puts can still cause interrupts. Local Loopback 
works in Asynchronous, Synchronous and SDLC 
modes with NRZ, NRZI or FM coding of the data 
stream. 

■ Baud Rate Generator 

Each channel in the Z-SCC contains a programm- 
able band rate generator. Each generator consists 
of two 8-bit time constant registers that form a 
16-bit time constant, a 16-bit down counter, and a 
flip-flop on the output producing a square wave. 
On startup, the flip-flop on the output is set in a 
High state, the value in the time constant register is 
loaded into the counter, and the counter starts 
counting down. The output of the baud rate gener- 
ator toggles upon reaching 0, the value in the time 
constant register is loaded into the counter, and the 
process is repeated. The time constant may be 
changed at any time, but the new value does not 
take effect until the next load of the counter. 

The output of the baud rate generator may be 


used as either the transmit clock, the recieve clock, 
or both. It can also drive the Digital Phase-Locked 
Loop (see next section). 

If the receive clock or tr ansmit clock is not prog- 
rammed to come from the TRxC pin, the output of 
the ba ud rate generator may be echoed out via the 
TRxC pin. 

The following formula relates the time constant 
to the baud rate (the baud rate is in bits/second 
and the BR clock period is in seconds) : 

1 

baud rate ^ (|j me constant + 2) X (BR clock period) 

■ Digital Phase-Locked Loop 

The Z-SCC contains a Digital Phase-Locked 
Loop (DPLL) to recover clock information from a 
data stream with NRZI or FM encodling. The DPLL 
is driven by a clock that is nominally 32 (NRZI) or 
16 (FM) times the data rate. The DPLL uses this 
clock, along with the data stream, to construct a 
clock for the data. This clock may then be used as 
the Z-SCC receive clock, the transmit clock, or 
both. 

For NRZI encoding, the DPLL counts the 32x 
clock to create nominal bit times. As the 32x clock 
is counted, the DPLL is searching the incoming 
data stream for edges (either 1 to 0 or 0 to 1). 
Whenever an edge is detected, the DPLL makes a 
count adjustment (during the next counting cycle), 
producing a terminal count closer to the center of 
the bit cell. 

For FM encoding, the DPLL still counts from 0 
to 31, but with a cycle corresponding to two bit 
times. When the DPLL is locked, the clock edges in 
the data stream should occur between counts 15 
and 16 and between counts 31 and 0. The DPLL 
looks for edges only during a time centered on the 
15 to 16 counting transition. 

The 32x clock for th e DPL L can be programmed 
to come from either the RTxC input or the output of 
the baud rate generator. The DPLL output may be 
progra mmed to be echoed out of the Z-SCC via the 
TRxC pin (if this pin is not being used as an input). 
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Write Registers 

Write Register 0 


Write Register 2 


d 7 

De 

Ds 

d 4 

Ds 

d 2 


Di Do 


d 7 

De 

Db 

d 4 

D 3 

d 2 


D° 1 


0 

0 

0 

1 

1 

0 

1 

1 


NULL CODE 
NULL CODE 
SELECT SHIFT LEFT MODE* 
SELECT SHIFT RIGHT MODE* 


0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

1 

0 

0 

1 

0 

1 

1 

1 

0 

1 

1 

1 


NULL CODE 
NULL CODE 

RESET EXT /STATUS INTERRUPTS 
SEND ABORT 

ENABLE INT ON NEXT Rx CHARACTER 
RESET Tx INT PENDING 
ERROR RESET 
RESET HIGHEST IUS 


Write Register 3 


0 

0 

0 

1 

1 

0 

1 

1 


NULL CODE 

RESET Rx CRC CHECKER 
RESET Tx CRC GENERATOR 
RESET Tx UNDERRUN /EOM LATCH 


Id/ 

De 

Ds 

d 4 

Ds 

D 2 

Di 

Do 


L 


INTERRUPT 

VECTOR 


*B CHANNEL ONLY 


-Rx ENABLE 
-SYNC CHARACTER LOAD INHIBIT 
- ADDRESS SEARCH MODE(SDLC) 
-Rx CRC ENABLE 
-ENTER HUNT MODE 
-AUTO ENABLE 


0 

0 

0 

1 

1 

0 

1 

1 


Rx 5 BITS /CHARACTER 
Rx 7 BITS /CHARACTER 
Rx 6 BITS /CHARACTER 
Rx 8 BITS /CHARACTER 


• Write Register 1 


Write Register 4 


UBlJ 

De 

Db 

d 4 

Ds 

D 2 

Di 

Do 


I— EXT INT ENABLE 

Tx INT ENABLE 

PARITY IS SPECIAL 

CONDITION 

Rx INT DISABLE 

Rx INT ON FIRST CHARACTER 
OR SPECIAL CONDITION 
INT ON ALL Rx CHARACTERS 
OR SPECIAL CONDITION 

Rx INT ON SPECIAL CONDITION ONLY 

WAIT /DMA REQUEST ON 

RECEIVE /TRANSMIT 

WAIT /DMA REQUEST 

FUNCTION 

WAIT /DMA REQUEST 

ENABLE 


0 

0 

0 

1 

1 

0 

1 

1 


d 7 

De 

Db 

d 4 

Ds 

d 2 

Di 

Do 


0 

0 

0 

1 

1 

0 

1 

1 


L-parity ENABLE 

PARITY EVEN/ODD 

SYNC MODES ENABLE 

1 STOP BIT/CHARACTER 
11/2 STOP BITS/CHARACTER 

2 STOP BITS/CHARACTER 


0 

0 

0 

1 

1 

0 

1 

1 


8 BIT SYNC CHARACTER 
16 BIT SYNC CHARACTER 
SDLC MODE (01111110 FLAG) 
EXTERNAL SYNC MODE 


0 

0 

XI CLOCK MODE 

0 

1 

X16 CLOCK MODE 

1 

0 

X32 CLOCK MODE 

1 

1 

X64 CLOCK MODE 
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• Write Register 5 


d 7 

De 

Ds 

d 4 

d 3 

d 2 

Di 

Do 


I— Tx CRC ENABLE 
1 RTS 

1 SDLC/CRC 16 

1 Tx ENABLE 

I SEND BREAK 

Tx 5 BITS (OR LESS )/CHARACTER 
Tx 7 BITS /CHARACTER 
Tx 6 BITS /CHARACTER 
Tx 8 BITS/CHARACTER 

DTR 


0 

0 

0 

1 

1 

0 

1 

1 


• Write Register 6 


d 7 

De 

Ds 

D 4 

d 3 

d 2 


Do 


L 


1 

1 

' 1 

r 

n 

1 

1 

1 


SYNC? 

SYNCe 

SYNCs 

sync 4 

SYNCs 

SYNC 2 

SYNCi 

SYNCo 

MONOSYNC, 8 BITS 

SYNCi 

SYNCe 

SYNCs 

sync 4 

SYNCs 

sync 2 

SYNCi 

SYNCo 

MONOSYNC, 6 BITS 

SYNC 7 

SNNCe 

SYNCs 

sync 4 

SYNCs 

sync 2 

SYNCi 

SYNCo 

BISYNC, 16 BITS 

SYNCs 

sync 2 

SYNCi 

SYNCo 

1 

1 

1 

1 

BISYNC, 12 BITS 

ADR 7 

ADRe 

ADRs 

adr 4 

ADRs 

adr 2 

ADRi 

ADRo 

SDLC ADDRESS ,8 BITS 

adr 7 

ADRe 

ADRs 

adr 4 

X 

X 

X 

X 

SDLC ADDRESS, 4 BITS 


• Write Register 7 


d 7 

De 

D 5 

d 4 

Ds 

D 2 

Di 

Do 


.1 

1 

1 

r 

n 



1 


sync 7 

SYNCe 

SYNCs 

sync 4 

SYNCs 

sync 2 

SYNCi 

SYNCo 

MONOSYNC, 8 BITS 

SYNCs 

SYNC 4 

SYNCs 

sync 2 

SYNCi 

SYNCo 

X 

X 

MONOSYNC, 6 BITS 

SYNCis 

SYNCi 4 

SYNCis 

SYNCi 2 

SYNCn 

SYNCio 

SYNCo 

SYNCs 

BISYNC, 16 BITS 

SYNCn 

SYNCio 

SYNCg 

SYNCs 

SYNC 7 

SYNCe 

SYNCs 

sync 4 

BISYNC, 12 BITS 

0 

1 

1 

1 

1 

1 

1 

0 

SDLC, FLAG 
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Write Register 9 


D 7 

De 

Ds 

d 4 

d 3 

d 2 

Di 

Do 


L 


vis 

-NV 

-DLC 

~MIE 

- STATUS HIGH/STATUS LOW 
-0 


0 

0 

0 

1 

1 

0 

1 

1 


NO RESET 
CHANNEL RESET B 
CHANNEL RESET A 
FORCE HARDWARE RESET 


Write Register 10 


d 7 

De 

Ds 

d 4 

d 3 

d 2 

Di 

Do 


L, 


6 BIT /8 BIT SYNC 
-LOO P MO DE 
-ABORT/ FLAG ON UNDERRUN 
-MARK/FLAG IDLE 
- GO ACTIVE ON POLL 


0 

0 

0 

1 

1 

0 

1 

1 


NRZ 

NRZI 

FM1 (TRANSITION = 1) 
FMO (TRANSITION = 0) 


-CRC PRESET I/O 


Write Register 11 


d 7 

De 

Ds 

d 4 

d 3 

d 2 

Di 

Do 


TRxC 0UT=XTAL OUTPUT 
TRxC 0UT=TRANSMIT CLOCK 
TRxC 0UT=GT GENERATOR OUTPUT 
mC 0UT=DPLL OUTPUT 


-TRxC O/l 


0 

0 

0 

1 

1 

0 

1 

1 


TRANSMIT CLOCK =RTxC PIN 
TRANSMIT CLOCK =TRxC PIN 
TRANSMIT CLOCK = BR GENERATOR OUTPUT 
TRANSMIT CLOCK=DPLL OUTPUT 


Write Register 12 


d 7 

De 

Ds 

D 4 

d 3 

d 2 

Di 

Do 


0 

0 

0 

1 

1 

0 

1 

1 


RTxC PIN 


RECEIVE CLOCK = 

RECEIVE CLOCK = TRxC PIN 
RECEIVE CLOCK = BR GENERATOR OUTPUT 
RECEIVE CLOCK =DPLL OUTPUT 


-RTxC XTAL/NO XTAL 


L 


TCo 

TCi 

tc 2 

TCs 

TC 4 

TCs 

TCe 

TC 7 


LOWER 
BYTE OF 
TIME 

CONSTANT 


Write Register 13 


d 7 

De 

Ds 

D 4 

d 3 

d 2 

Di 

Do 


I — n 


TCs ' 


tc 9 


TCio 

UPPER 

TCn 

[BYTE OF 

TCi 2 

TIME 

TCi 3 

TCi 4 

TCis 

CONSTANT 


Write Register 14 


d 7 

De 

Ds 

D 4 

d 3 

d 2 

Di 

Do 


L 


BR GENERATOR ENABLE 
BR GENERATOR SOURCE 
DTR/ REQUEST FUNCTION 
AUTO ECHO- 
LOCAL LOOPBACK 


0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

1 

0 

0 

1 

0 

1 

1 

1 

0 

1 

1 

1 

• 

Write 

d 7 

De 

Ds 


NULL COMMAND 
ENTER SEARCH MODE 
RESET MISSING CLOCK 
DISABLE DPLL 

SET SOURCE =BR GENERATOR 
SET SOURCE = RTxC 
SET FM MODE 
SET NRZI MODE 


D 2 Di Do 


L f 


- ZERO COUNT IE 
-0 

-DCD IE 

- SYNC/HUNT IE 
-CTS IE 

- Tx UNDERRUN /EOM IE 

- BREAK /ABORT IE 
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Z8036/Z8036A Counter/Timer and Parallel I/O Unit 

■ Description ■ Pin Connections 

The Z8036 Z-CIO Counter/Timer and Parallel 
I/O element is a general-purpose peripheral cir- 
cuit, satisfying most counter/timer and parallel I/O 
needs encountered in system designs. This versa- 
tile device contains three I/O ports and three coun- 
ter/timers. Many programmable options tailor its 
configuration to specific applications. The use of 
the device is simplified by making all internal reg- 
isters (command, status, and data) readable and 
(except for status bits) writable. In addition, each 
register is given its own unique address so that it 
can be accessed directly-no special sequential op- 
erations are required. The Z-CIO is directly 
Z-Bus compatible. 


■ Features 

1. Two independent 8-bit, double-buffered, 
bidirectional I/O ports plus a 4-bit special- 
purpose I/O port. I/O ports feature pro- 
grammable polarity, programmable direction 
(Bit mode), “pulse catchers,” and programm- 
able opendrain outputs 

2. Four handshake modes, including 3~Wire (like 

the IEEE-488) 

3. REQUEST/WAIT signal for high-speed data 
transfer 

4. Flexible pattern-recognition logic, programm- 
able as a 16-vector interrupt controller 

5. Three independent 16-bit counter/timers with 
up to four external access lines per counter/ 
timer (count input, output, gate, and trigger), 
and three output duty cycles (pulsed, one-shot, 
and squarewave), programmable as retrigger- 
able or nonretriggerable. 

6. Easy to use since all registers are read/write 
and directly addressable. 



r > 


ad 4 |T 

0 

4^ ad 3 

AD, [7 

39) ad 2 

ad<;GE 


38) ADi 

ad,E 


37) AD 0 

DS (T 


H CSo 

R/WU 


35) CS 1 

GND [7 


34) AS 

PBoE 


IPAo 

PBjQT 


H PAi 

PB 2 |l0 


1 pa 2 

PB 3 QI 


30) PA 3 

PB4E 


29]PA 4 

pb 5 (H 


28 ) PA 5 

PBeEl 


2 ?) pa 6 

pb 7 (H 


26) PA? 

pclkEI 


25) INTACK 

ieiGZ 


24 ] INT 

ieo m 


23) + 5V 

pcod 


22 ) PCs 

PCigo 


H pc 2 


L J 

Top View 
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■ Block Diagram 



Pin 

Meaning 

I/O 

Function 

AD 0 AD 7 

Address/data bus 

Bidirectional 

3 -state 

Multiplexed system address/data bus. 

AS 

Address strobe 

I 

Active low. AS determines address while low. 

DS 

Data strobe 

I 

Active low. DS providies timing for data transfer 
while low. 

R/W 

Read/write 

I 

R/W indicates that the CPU is reading from (high) or 
writing to (low) the Z-CIO. 

CSo 

Chip select 0 

I 

Active low. Chip select signal 

CSi 

Chip select 1 

I 

Active high. Chip select signal 

INT 

Interrupt request 

Open-drain 

Active low. INT is pulled low when the Z-CIO 
requests on interrupt. 

INTACK 

Interrupt acknowledge 

I 

Active low. INTACK indicates that an Interrupt 
acknowledge cycle is in progress. 

IEI 

Interrupt enable in 

I 

Acvtive high. IEI is used to form an interrupt daisy 
chain that determines the priority order of interrupts. 

IEO 

Interrupt enable out 

0 

Active high. IEO is used to form an interrupt daisy 
chain that determines the priority order of interrupts. 

pa 0 ~pa 7 

Port A I/O lines 

Bidirectional 

3 -state 

These eight I/O lines transfer information between the 
Z-CIO’s port A and external devices. 

pb 0 ~pb 7 

Port BI/O lines 

Bidirectional 

3 -state 

These eight I/O lines transfer information between the 
Z-CIO’s port B and external devices. 

PC 0 ~PC 3 

Port C I/O lines 

Bidirectional 

3 -state 

These four I/O lines transfer information between the Z- 
CIO’s port C and external devices. 

PCLK 

Clock 

I 

Single-phase clock, need not be same as CPU clock. 


Note : When AS and DS are detected “Low” at the same time, the Z-CIO is reset. 
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■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 

Input voltage 

V,N 

-0.3- + 7.0 

V 

1 

Output voltage 

VoUT 

. —0.3 — h 7.0 

V 

1 

Operating temperature 

T„„ r 

0 — h 70 

°C 


Storage temperature 

T S tR 

—65 — 1- 150 

°C 



Note. 1: The maximum applicable voltage on any pin with respect to GND. 


F rom output under test o- 


+ 5V 
“T 

^2.2kfi 


H4 


5OpF T0Mi 


From output under test 


+ 5V 



Standard test load 


Open drain test load 


■ DC Characteristics 


(V C c=5V±5%, Ta=0~ + 70°C) 


Parameter 

Symbol 

Conditions 

MIN. 

MAX. 

Unit 

Input high voltage 

V,H 


2.0 

Vcc+0.3 

V 

Input low voltage 

V 1L 


-0.3 

0.8 

V 

Output high voltage 

VoH 

Ioh == — 250 fi A 

2.4 


V 

Output low voltage 

VqL 

Iql == -P 2.0mA 


0.4 

V 

Iol = "I - 3.2mA 


0.5 

V 

Input leakage current 

Ul 1 

0.4^V IN ^2.4V 


10.0 

M 

Output leakage current 

HolI 

0.4^V OU t^2.4V 


10.0 

M 

Supply current 

Icc 



250 

mA 


■ Capacitance (f=iMHz, Ta=o~ + 70t:) 


Parameter 

Symbol 

Conditions 

MIN. 

MAX. 

Unit 

Input capacitance 

Cin 

Unmeasured pins 
returned to ground 


10 

pF 

Output capacitance 1 

Coux 


15 

pF 

Bidirectional capacitance 

Ci/o 


20 

pF 
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■ AC Characteristics 
(1) Interface timing 


No. 

Symbol 

Parameter 

| LH8036 

| LH8036A 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

1 

TwAS 

AS low width 

70 

2000 

50 

2000 

ns 


2 

TsA (AS) 

Address to AS t setup time 

30 


10 


ns 

1 

3 

ThA (AS) 

Address to AS t hold time 

50 


30 


ns 

1 

4 

TsA (DS) 

Address to DS i setup time 

130 


100 


ns 

1 

5 

TsCSO (AS) 

CS 0 to AS t setup time 

0 


0 


ns 

1 

6 

ThCSO (AS) 

CS 0 to AS t hold time 

60 


40 


ns 

1 

7 

TdAS (DS) 

AS t to DS i delay 

60 


40 


ns 

1 

8 

TsCSl (DS) 

CSi to DS 1 setup time 

100 


80 


ns 


9 

TsRWR (DS) 

R/W (read) to DS J setup time 

100 


80 


ns 


10 

TsRWW (DS) 

R/W (write) to DS i setup time 

0 


0 




11 

TwDS 

DS low width 

390 


250 


ns 


12 

TsDW (DSf) 

Write data to DS i setup time 

30 


20 


ns 


13 

TdDS (DRV) 

DS (read) 1 to address data bus driven 

0 


0 




14 

TdDSf (DR) 

DS J to read data valid delay 


250 


180 

ns 


15 

ThDW (DS) 

Write data to DS t hold time 

30 


20 


ns 


16 

TdDSr (DR) 

DS T to read data not valid delay 

0 


0 




17 

TdDS (DRz) 

DS t to read data float delay 


70 


45 

ns 

2 

18 

ThRW (DS) 

R/W to DS t hold time 

55 


40 


ns 


19 

ThCSl (DS) 

CS 1 to DS t hold time 

55 


40 


ns 


20 

TdDS (AS) 

DS t to AS i delay 

50 


25 


ns 


21 

Trc 

Valid access recovery time 

1000 


650 


ns 

3 

22 

TdPM (INT) 

Pattern match to INT delay (bit port) 


i 


1 

AS cycle 
+ ns 


23 

TdACK (INT) 

ACKIN to INT delay 
(Port with handshake) 


4 


4 

AS cycle 
+ ns 

4 

24 

TdCl (INT) 

Counter input to INT delay 
(Counter mode) 


1 


1 

AS cycle 
+ ns 


25 

TdPC (INT) 

PCLK to INT delay (Timer mode) 


1 


1 

AS cycle 
+ ns 


26 

TdAS (INT) 

AS to INT delay 





ns 


27 

TsIA (AS) 

INTACK to AS T setup time 

0 


0 


ns 


28 

ThIA (AS) 

INTACK to AS f hold time 

250 


250 


ns 


29 

TsAS (DSA) 

AS t to DS (acknowledge) 1 setup time 

350 


250 


ns 

5 

30 

TdDSA(DR) 

DS (acknowledge) i to read data 
valid delay 


250 


180 

ns 


31 

TwDS A 

DS (acknowledge) low width 

390 


250 


ns 


32 

TdAS (IEO) 

AS t to IEO 1 delay (INTACK cycle) 


350 


250 

ns 

5 

33 

TdlEI (IEO) 

IEI to IEO delay 


150 


100 

ns 

5 

34 

TsIEI (DSA) 

IEO to DS (acknowledge) 1 setup time 

100 


70 


ns 

5 

35 

ThIEI (DSA) 

IEI to DS (acknowledge) f hold time 

100 


70 


ns 


36 

TdDSA (INT) 

DS (acknowledge) 1 to INT t delay 


600 


600 

ns 



Note : “ t ” indicates a rising edge and “ i ” a falling edge. 

Note 1: Parameter does not apply to Interrupt Acknowledge transactions. 

Note 2: Float delay is measured to the time when the output has changed 0.5 V from steady state with minimum ac load and maximum dc 
load. 

Note 3: This is the delay from DS t of one CIO access to DS I of another CIO access. 

Note 4: The delay is from DAV i for 3-Wire Input Handshake. The delay is from DAC f for 3-Wire Output Handshake. One additional 
AS cycle is required for ports in the Single Buffered mode. 

Note 5: The parameters for the devices in any particular daisy chain must meet the following constraint : the delay from AS t to DS I 
must be greater than the sum of TdAS (IEO) for the highest priority peripheral, TsIEI (DSA) for the lowest priority peripheral, and 
TdlEI (IEO) for each peripheral separating them in the chain. 
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Interrupt acknowledge timing 


(2) Handshake timing 


No. 

Symbol 

Parameter 

| LH8036 

| LH8036A 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

1 

TsDI (ACK) 

Data input to ACKIN i setup time 

0 


0 


ns 


2 

ThDI (ACK) 

Data input to ACKIN i hold 
time-strobed handshake 





ns 


3 

TdACKf(RFD) 

ACKIN 1 to RFD 1 delay 

0 


0 


ns 


4 

TwACKI 

ACKIN low width-strobed handshake 





ns 


5 

TwACKh 

ACKIN high width-strobed handshake 





ns 


6 

TdRFDr(ACK) 

RFD t to ACKIN i delay 

0 


0 


ns 


.7 

TsDO (DAV) 

Data out to DAV i setup time 

25 


20 


ns 

1 

8 

TdDAVf (ACK) 

DAV i to ACKIN l delay 

0 


0 


ns 


9 

ThDO(ACK) 

Data out to ACKIN i hold time 

1 


1 


AS cycle 


10 

TdACK (DAV) 

ACKIN i to DAV t delay 

1 


1 


AS cycle 


11 

ThDI (RFD) 

Data input to RFD 1 hold 
time-interlocked handshake 

' 0 


0 


ns 


12 

TdRFDf(ACK) 

RFD i to ACKIN t 
delay-interlocked handshake 

0 


0 


ns 


13 

TdACKr(RFD) 

ACKIN t (DAV t ) to RFD t 
delay-interlocked and 3 wire handshake 

0 


0 


ns 


14 

TdDAVr (ACK) 

DAV t to ACKIN t (RFD t ) 
delay-interlocked and 3-wire handshake 

0 


0 


ns 


15 

TdACK (DAV) 

ACKIN f (RFD t ) to DAV i 
delay-interlocked and 3-wire handshake 

0 


0 


ns 


16 

TdDAVIf (DAC) 

DAV J to DAC t 
delay-input 3-wire handshake 

0 


0 


ns 


17 

ThDI (DAC) 

Data input to DAC T hold 
time-3-wire handshake 

0 


0 


ns 


18 

TdDACOr(DAV) 

DAC t to DAV t 
delay-input 3-wire handshake 

0 


0 


ns 


19 

TdDAVIr (DAC) 

DAV t to DAC J 
delay-input 3-wire handshake 

0 


0 


ns 
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No. 

Symbol. 

Parameter 

. LH8036 

LH8036A 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

20 

TdDAVOf (DAC) 

DAV l to DAC t 
delay-output 3-wire handshake 

0 


0 


ns 


21 

ThDO (DAC) 

Data output to DAC t hold 
time-3-wire handshake 

1 


1 


AS cycle 


22 

TdDAClr (DAV) 

DAC t to DAV f 
delay-output 3-wire handshake 

1 


1 


AS cycle 


23 

TdDAVOr(DAC) 

DAV t to DAC i 
delay-output 3-wire handshake 

0 


0 


ns 



Note 1: This time can be extended through the use of the deskew timers. 



Data V 

Valid data ^ 

/ 

\ 



X 



V 

In Put < ACKIN * 

(Input) 

.t '-i 

k-(D— H 


L-®-~ 



RFD N 

(Output) 

t 

f 


Output 5 

Data ^ 

Valid data 

C 3 

K X 


1 


1 

i ® | 


ACKIN 

(Input) 


4 

v 

- — # — - 




. t 

1 

\ 

DAV ^ 

r 1 


Interlock handshake 
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rj 




(3) Counter/timer timing 


No. 

Symbol 

Parameter 

LH8036 

LH8036A 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

1 

TcPC 

PCLK cycle time , 

250 

4000 

165 

4000 

ns 

1 

2 

TwPCh 

PCLK high width 

105 

2000 

70 

2000 

ns 


3 

TwPCl 

PCLK low width 

105 

2000 

70 

2000 

ns 


4 

TfPC 

PCLK fall time 


20 


10 

ns 


5 

TrPC 

PCLK rise time 


20 


15 

ns 


6 

TcCI 

Counter input cycle time 

500 


330 


ns 


7 

TCIh 

Counter input high width 

230 


150 


ns 


8 

TwCIl 

Counter input low width 

230 


150 


ns 


9 

TfCI 

Counter input fall time 


20 


15 

ns 


10 

TrCI 

Counter input rise time 


20 


15 

ns 


11 

TsTI (PC) 

Trigger input to PCLK i 
setup time (Timer mode) 





ns 

2 

12 

TsTI (Cl) 

Trigger input to counter input l 
setup time (Counter mode) 





ns 

2 

13 

TwTI 

Trigger input pulse* width (High or Low) 





ns 


14 

TsGI (PC) 

Gate input to PCLK 1 
setup time (Timer mode) 





ns 

2 

15 

TsGI (Cl) 

Gate input to counter input i 
setup time (Counter mode) 





ns 

2 

16 

ThGI (PC) 

Gate input to PCLK i 
hold time (Timer mode) 





ns 

2 

17 

ThGI (Cl) 

Gate input to counter input i 
hold time (Counter mode) 





ns 

2 

18 

TdPC (CO) 

PCLK to counter output delay 
(Timer mode) 





ns 


19 

TdCI (CO) 

Counter input to counter output delay 
(Counter mode) 





ns 



Note 1: PCLK is only used with the counter/timers (in Timer mode), the deskew timers, and the REQUEST/WAIT logic. If these functions 
are not used, the PCLK input can be held low. 

Note 2: These parameters must be met to guarantee that trigger or gate are valid for the next counter/timer cycle. 
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(4) REQUEST/WAIT timing 


No. 

Symbol 

Parameter 

LH8036 

LH8036A 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

1 

TdDS (REQ) 

DS 1 to REQ i delay 





ns 


2 

TdDS (WAIT) 

DS i to WAIT i delay 





ns 


. 3 

TdPC (REQ) 

PCLK i to REQ t delay 





ns 


4 

TdPC (WAIT) 

PCLK i to WAIT t delay 





ns 


5 

TdACK (REQ) 

ACKIN 1 to REQ T delay 





AScycles+ 
PCLK 
cycles + ns 

1 

6 

TdACK (WAIT) 

ACK1N J to WAIT t delay 





PCLK 
cycles + ns 



Note 1: The Delay is from DAV i for the 3-wire input handshake. Delay from DAC t for 3-wire handshake output mode. 
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(5) Reset timing 


No. 

Symbol 

Parameter 

LH8036 

| LH8036A 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

1 

TdDSQ (AS) 

Delay from DS t to AS i for no reset 

40 


15 


ns 


2 

TdASQ (DS)' 

Delay from AS t to DS 1 for no reset 

50 


30 


ns 


3 

TwRES 

Minimum width of AS and DS both 

low for reset 

250 


170 


ns 




Reset timing 


(6) Miscellaneous port timing 


No. 

Symbol 

Parameter 

| LH8036 

| LH8036A 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

1 

Trl 

Any input rise time 


100 


100 

ns 


2 

Tfl 

Any input fall time 


100 


100 

ns 


3 

Twl’s 

l’s catcher high width 

250 


170 


ns 

1 

4 

TwPM 

Pattern match input valid (Bit port) 

750 


500 


ns 


5 

TsPMD 

Data latched on pattern match 
setup time (Bit port) 

0 


0 


ns 


6 

ThPMD 

Data latched on pattern match 
hold time (Bit port) 

1000 


650 


ns 



Note 1: If the input is programmed inverting, a low-going pulse of the same width will be detected. 



Miccellaneous port timing 


■ Functional Description 

(1 ) I/O port operations 

Of the Z-CIO’s three I/O ports, two (Ports A and 
B) are general-purpose, and the third (Port C) is a 
special-purpose 4-bit port. Ports A and B can be 
configured as input, output or bidirectional ports 
with handshake (Four different handshakes are 
available.). They can also be linked to form a sig- 
nal 16-bit port. If they are not used as ports with 


handshake, they provide 16 input or output bits 
with the data direction programmable on a bit- 
by-bit basis. Port B also provides access for 
Counter/Timers 1 and 2. In all configurations, 
Ports A and B can be programmed to recognize 
specific data patterns and to generate interrupts 
when the pattern is encountered. 

The four bits of Port C provide the handshake 
lines for Ports A and B when required. A RE- 
QUEST/WAIT line can also be provided so that 
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Z-CIO transfers can be synchronized with DMAs 
or CPUs. An y Port C bits not used for handshake 
or REQUEST/WAIT can be used as input or out- 
put bits (individually data direction programmable) 
or external access lines for Counter/Timer 3. Port 
C does not contain any pattern-recognition logic. It 
is, however, capable of bit-addressable writes. 
With this feature, any combination of bit can be set 
and/or cleared while the other bits remain undis- 
turbed without first reading the register. 

(2) Bit port operations 

In bit port operations, the port’s Data Direction 
register specifies the direction of data flow for 
each bit. A 1 specifies an input bit, and a 0 speci- 
fies an output bit. If bits are used as I/O bits for a 
counter/timer, they should be set as input or out- 
put, as required. 

The Data Path Polarity register provides the 
capability of inverting the data path. A 1 specifies 
inverting, and a 0 specifies noninverting. All dis- 
cussions of the port operations assume that the 
path is noninverting. 

The value returned when reading an input bit re- 
flects the state of the input just prior to the read. A 
l’s catcher can be inserted into the input data path 
by programming a 1 to the corresponding bit posi- 
tion of the port’s Special I/O Control register. 
When a 1 is detected at the l’s catcher input, its 
output is set to a 1 until it is cleared. The l’s 
catcher is cleared by writing a 0 to the bit. In all 
other cases, attempted writes to input bits are 
ignored. 

When Ports A and B include output bits, reading 
the Data register returns the value being output. 
Reads of Port C return the state of the pin. Outputs 
can be specified as open-drain by writing a 1 to 
the corresponding bit of the port’s Special I/O Con- 
trol register. Port C has the additional feature of 
bit-addressable writes. When writing to Port C, the 
four most significant bits are used as a write pro- 
tect mask for the least significant bits (0-4, 1-5, 
2-6, and 3-7). If the write protect bit is written 
with a 1, the state of the corresponding output bit 
is not changed. 

(3) Ports with handshake operation 

Ports A and B can be specified as 8-bit input, 
output, or bidirectional ports with handshake. The 
Z-CIO provides four different handshakes for its 
ports : Interlocked, Strobed, Pulsed, and 3-Wire. 
When specified as a port with handshake, the 
transfer of data into and out of the port and inter- 
rupt generation is under control of the handshake 


logic. Port C provides the handshake lines as 
shown in Table 1. Any Port C lines not used for 
handshake can be used as simple I/O lines or as 
access lines for Counter/Timer 3. 

When Ports A and B are configured as ports 
with handshake, they are double-buffered. This 
allows for more relaxed interrupt service routine 
response time. A second byte can be input to or 
output from the port before the interrupt for the 
first byte is serviced. Normally, the Interrupt 
Pending (IP) bit is set and an interrupt is generated 
when data is shifted into the Input register (input 
port) or out of the Output register (output port). 
For input and output ports, the IP is automatically 
cleared when the data is read or written. In 
bidirectional ports, IP is cleared only by command. 
When the Interrupt on Two Bytes (ITB) control bit 
is set to 1, interrupts are generated only when two 
bytes of data are available to be read or written. 
This allows a minimum of 16 bits of information to 
be transferred on each interrupt. With ITB set, the 
IP is not automatically cleared until the second 
byte of data is read or written. 

When the Single Buffer (SB) bit is set to 1, the 
port acts as if it is only single-bufferd. This is use- 
ful if the handshake line must be stopped on a 
byte-by-byte basis. 

Ports A and B can be linked to form a 16-bit 
port by programming a 1 in the Port Link Control 
(PLC) bit. In this mode, only Port A’s Handshake 
Specification and Command and Status registers 
are used. Port B must be specified as a bit port. 
When linked, only Port A has pattern-match capa- 
bility. Port B’s pattern-match capability must be 
disabled. Also, when the ports are linked, Port B’s 
Data register must be read or written before Port 
A’s. 

When a port is specified as a port with hand- 
shake, the type of port it is (input, output, or bid- 
rectional) determines the direction of data flow. 
The data direction for the bidirectional port is de- 
termined by a bit in Port C (Table 1). In all cases, 
the contents of the Data Direction register are 
ignored. The contents of the Special I/O Control 
register apply only to output bits (3-state or 
open-drain). Inputs may not have l’s catchers ; 
therefore, those bits in the Special I/O Control reg- 
ister are ignored. Port C lines used for handshake 
should be programmed as inputs. The handshake 
specification overrides Port C’s Data Direction reg- 
ister for bits that must be outputs. The contents of 
Port C’s Data Path Polarity register still apply. 
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Table 1. Port C bit utilization 


Port A/B Configuration 

PCa 

PC2 

PCi 

PCo 

Ports A and B : Bit ports 

Bit I/O 

Bit I/O 

Bit I/O 

Bit I/O 

Port A : Input or output port 
(Interlocked, strobed, or pulsed 
handshake)* 

RFD or DAV (0) 

ACKIN (I) 

REQUEST/WAIT 
or Bit I/O 

Bit I/O 

Port B : Input or output port 
(Interlocked, strobed, or pulsed 
handshake)* 

REQUEST/WAIT 
or Bit I/O 

Bit I/O 

FD or DAV (0) 

ACKIN (I) 

Port A or B : Input port (3-wire 
handshake) 

RFD (0) 

DAV (I) 

REQUEST/WAIT 
or Bit I/O 

DAC (0) 

Port A or B : Output port (3-wire 
handshake) 

DAV (0) 

DAC (I) 

REQUEST/WAIT 

or Bit I/O 

RFD (I) 

Port A or B : Bidirectional port 
(Interlocked or strobed handshake) 

RFD or DAV (0) 

ACKIN (I) 

REQUEST/WAIT 
or Bit I/O 

IN/OUT 


*Both po rts A a nd B can be specified input or output with interlocked, strobed, or pulsed handshake at the same time if neither uses RE- 
QUEST/WAIT. 


(4) Interlocked handshake 

In the Interlocked Handshake mode, the action of 
the Z-CIO must be acknowledged by the external 
device before the next action can take place. Fig. 1 
shows timing for Interlocked Handshake. An output 
port does not indicate that new data is available 
until the external device indicates it is ready for 
the data. Similarly, an input port does not indicate 
that it is ready for new data until the data source 
indicates that the previous of the data is no loger 
available, thereby acknowledging the input port’s 
acceptance of the last byte. This allows the Z-CIO 
to interface directly to the port of a Z8 micro- 
computer, a UPC, an FIO, an FIFO, or to another 
Z-CIO port with no external logic. 

A 4-bit deske w timer can be inserted in the Data 
Available (DAV) output for output ports. As data is 
transferred to the Buffer register, the deskew timer 
is triggered. After the number of PCLK cycles spe- 
cified by the deskew timer time constant pluse one, 
DAV is allowed to go Low. The deskew timer 
therefore guarantees that the output data is valid 
for a specified minimum amount of time before 
DAVgoes Low. Deskew timers are available for 
output ports independent of the type of handshake 
employed. 

(5) Strobed handshake 

In the Strobed Handshake mode, data is “strobed” 
into or out of the port by the exte rnal log ic. The falling 
edge of the Acknowledge Input (ACKIN) strobes data 
into or out of the port. Fig. 1 shows timing for the 
Strobed Handshake. In contrast to the Interlocked 
Handshake, the signal indicating the port is ready for 
another data transfer operates independently of the 
ACKIN input It is up to the external logic to ensure 


that data overflows or underflows do not occur. 


INPUT HANDSHAKE 
DATA ~ X VAL ID £ 


ACKIN 


L STROBED 


RFD 


^HANDSHAKE 


7 ^ 


INTERLOCKED 

DATA MOVED HANDSHAKE 
DATA LATCHED IN TO INPUT 
BUFFER REGISTER REGISTER 


I OUTPUT HANDSHAKE 
DATA )|( NEXT BYTE 



BUFFER REGISTER 
“EMPTIED 


DESKEW TIME / 


=tr 


r 


ZY 


INTERLOCKED 

HANDSHAKE 


STROBED HANDSHAKE 


NEXT BYTE SHIFTED FROM OUTPUT 
REGISTER TO BUFFER REGISTER 


Fig. 1 Interlocked and strobed handshakes 


(6) 3-wire handshake 

The 3-Wire Handshake is designed for the situa- 
tion in which one output port is communicating 
with many input ports simultaneously. It is essen- 
tially the same as the Interlocked Handshake, ex- 
cept that two signals are used to indicate if an in- 
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put port is ready for new data or if it has accepted 
the present data. In the 3-Wire Handshake (Fig. 2), 
the rising edge of one status line indicates that the 
port is ready for data, and the rising edge of 
another status line indicates that the data has been 
accepted. With the 3-Wire Handshake, the output 
lines of many input ports can be bussed together 
with open-drain drivers ; the output port knows 
when all the ports have accepted the data and are 
ready. This is the same handshake as is used on 
the IEEE-488 bus. Because this handshake re- 
quires three lines, only one port (either A or B) can 
be a 3-Wire Handshake port at a time. The 3-Wire 
Handshake is not available in the bidirectional 
mode. Because the port’s direction can be changed 
under software control, however, bidirectional 
IEEE-488-type transfers can be performed. 



(7) Pulsed handshake 

The Pulsed Handshake (Fig. 3) is designed to in- 
terface to mechanical-type devices that require 
data to be held for long periods of time and need 
relatively wide pulses to gate the data into or out of 
the device. The logic is the same as the Interlocked 
Handshake mode, except that an internal counter/ 
timer is linked to the handshake logic. If the port is 
spe cified in the input mode, the timer is inserted in 
the ACKIN path. The external ACKIN input trig- 


INPUT PORT 


ACKIN 


ACKIN 



OUTPUT PORT 


DAY 



TRIGGER COUNTER 
INPUT OUTPUT 
C/T 3 




DAY 


Fig. 3 Pulse handshake 


gers the timer and its output used as the Interlock- 
ed Handshake’s normal acknowledge input. If the 
port is an outpu t port , the timer is placed in the 
Data Available (DAV) output path. The timer is 
trigge red when the normal Interlocked Handshake 
DAV output goes L ow and the timer output is used 
as the actual DAV output. The counter/timer main- 
tains all of its normal capabilities. This handshake 
is not available to bidirec tional ports. 

(8) REQUEST/WAIT line operation 

Port C can be programmed to provide a status 
signal output in addition to the normal handshake 
lines for either Port A or B when used as a port 
with handsha ke. The additional signal is either a 
REQUEST or WAIT signal. The REQUEST signal 
indicates when a port is ready to perform a data 
transfer via the Z-Bus. It is in tended for use with a 
DMA-type device. The WAIT signal provides syn- 
chronization for transfers with a CPU. Three bits 
in the Port Handshake Specificat ion reg ister pro- 
vide controls for the REQUEST/ WAIT logic. Be- 
cause the extra Port C line is used, only one port 
can be spec ified a s a port with a handshake and a 
REQUEST/WAIT line. The other port must be a 
bit port. 

Operation of the REQUEST line is modified by 
the state of the port’s Interrupt on Two Bytes (ITB) 
control bit. When ITB is 0, the REQUEST line goes 
active as soon as the Z-CIO is ready for a data 
transfer. If ITB is 1, REQUEST does not go active 
until two bytes can be transferred. REQUEST 
stays active as long as a byte is available to be 
read or written. 

The SPECIAL REQUEST function is reserved 
for use with bidirectional ports only. In this case, 
the REQUEST line indicates the status of the regis- 
ter not being used in the data path at that time. If 
the IN/OUT line is High, the REQUEST li ne is 
High when the Output register is empty. If IN/OUT 
is Low, the REQUEST line is High when the Input 
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register is full. 

(9) Pattern-recognition logic operation 

Both Ports A and B can be programmed to gener- 
ate interrupts when a specific pattern is recognized 
at the port. The pattern-recognition logic is inde- 
pendent of the port application, thereby allowing 
the port to recognize patterns in all of its con- 
figurations. The pattern can be independently spe- 
cified for each bit as 1,0, rising edge, falling edge, 
or any transition. Individual bits may be masked 
off. A pattern-match is defined as the simultaneous 
satisfaction of all nonmasked bit specifications in 
the AND mode or the satisfaction of any non- 
masked bit specifications in either of the OR or 
OR-Priority Encoded Vector modes. 

The pattern specified in the Pattern Definition 
register assumes that the data path is programmed 
to be noninverting. If an input bit in the data path 
is programmed to be inverting, the pattern detected 
is the opposite of the one specified. Output bits 
used in the pattern-match logic are internally sam- 
pled before the invert/noninvert logic. 

(10) Bit port pattern-recognition operations 

During bit port operations, pattern-recognition 

may be performed on all bits, including those used 
as I/O for the counter/timers. The input to the pat- 
tern-recognition logic follows the value at the pins 
(through the invert/ noninvert logic) in all cases ex- 
cept for simple inputs with l’s catchers. In this 
case, the output of the l’s catcher is used. When 
operating in the AND or OR mode, it is the transi- 
tion from a nomatch to a match state that causes 
the interrupt. In the “OR” mode, if a second match 
occurs before the first match goes away, it does not 
cause an interrupt. Since a match condition only 
lasts a short time when edges are specified, care 
must be taken to avoid losing a match condition. Bit 
ports specified in the OR-Priority Encoded Vector 
mode generate interrupts as long as any match 
state exists. A transition from a no-match to a 
match state is not required. 

The pattern-recognition logic of bit ports oper- 
ates in two basic modes : Transparent and Latched. 
When the Latch on Pattern Match (LPM) bit is set 
to 0 (Transparent mode), the interrupt indicates 
that a specified pattern has occurred, but a read of 
the Data register does not necessarily indicate the 
state of the port at the time the interrupt was 
generated. In the Latched mode (LPM = 1), the 
state of all the port inputs at the time the interrupt 
was generated is latched in the input register and 
held until IP is cleared. In all cases, the PMF indi- 
cates the state of the port at the time it is read. 

If a match occurs while IP is already set, an 


error condition exists. If the Interrupt On Error bit 
(IOE) is 0, the match is ignored. However, if IOE is 
1, after the first IP is cleared, it is automatically 
set to 1 along with the Interrupt Error (ERR) flag. 
Matches occurring while ERR is set are ignored. 
ERR is cleared when the corresponding IP is 
cleared. 

When a pattern-match is pressent in the OR- 
Priority Encoded Vector mode, IP is set to 1. The 
IP cannot be cleared until a match is no longer pre- 
sent. If the interrupt vector is allowed to include 
status, the vector returned during Interrupt Ack- 
nowledge indicates the highest priority bit match- 
ing its specification at the time of the Acknowledge 
cycle. Bit 7 is the highest priority and bit 0 is the 
lowest. The bit initially causing the interrupt may 
not be the one indicated by the vector if a higher 
priority bit matches before the Acknowledge. Once 
the Acknowledge cycle is initiated, the vector is 
frozen until the corresponding IP is cleared. Where 
inputs that cause interrupts might change before 
the interrupt is serviced, the l’s catcher can be 
used to hold the value. Because a no-match to 
match transition is not required, the source of the 
interrupt must be cleared before IP is cleared or 
else a second interrupt is generated. No error de- 
tection is performed in this mode and the Interrupt 
On Error bit should be set to 0. 

(11) Ports with handshake pattern- 
recognition operation 

In this mode, the handshake logic normally con- 
trols the setting of IP and, therefore, the generation 
of interrupt requests. The pattern-match logic con- 
trols the Pattern Match Flag (PMF). The data is 
compared with the match pattern when it is shifted 
from the Buffer register to the Input register (input 
port) or when it is shifted from the Output register 
to the Buffer register (output port). The pattern- 
match logic can override the handshake logic in 
certain situations. If the port is programmed to in- 
terrupt when two bytes of data are available to be 
read or written, but the first byte matches the spe- 
cified pattern, the pattern-recognition logic sets IP 
and generates an interrupt. While PMF is set, IP 
cannot be cleared by reading or writing the data 
registers. IP must be cleared by command. The in- 
put register is not emptied while IP is set, nor is 
the output register filled until IP is cleared. 

If the Interrupt on Match Only (IMO) bit is set, 
IP is set only when the data matches the pattern. 
This is useful in DMA-type applications when in- 
terrupts are required only after a block of data is 
transferred. 
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(12) Counter/timer operation 

The three independent 16-bit counter/timers 
consist of a presettable 16-bit down counter, a 
16-bit Time Constant register, a 16-bit Current 
Counter register, an 8-bit Mode Specification reg- 
ister, an 8 -bit Command and Status register, and 
the associated control logic that links these regis- 
ters. 

The flexibility of the counter/timers is enhanced 
by the provision of up to four lines per counter/ 
timer (counter input, gate input, trigger input, and 
counter/timer output) for direct external control 
and status. Counter/Timer l’s external I/O lines 
are provided by the four most significant bits of 
Port B. Counter/Timer 2’s are provided by the 
four least significant bits of Port B. Counter/Timer 
3’s external I/O lines are provided by the four bits 
of Port C. The utilization of these lines (Table 2) is 
programmable on a bit-by-bit basis via the Coun- 
ter/Timer Mode Specification registers. 

When external counter/timer I/O lines are to be 
used, the associated port lines must be vacant and 
programmed in the proper data direction. Lines 
used for counter/timer I/O have the same charac- 
teristics as simple input lines. They can be speci- 
fied as inverting or noninverting ; they can be read 
and used with the pattern-recognition logic. They 
can also include the l’s catcher input. 
Counter/Timers 1 and 2 can be be linked internal- 
ly in three different ways. Counter/Timer l’s out- 
put (inverted) can be used as Counter/Timer 2’s 
trigger, gate, or counter input. When linked, the 


Table 2 Counter/timer external access 


Function 

C/Ti 

c/t 2 

c/t 3 

Counter/timer output 

i PB4 

PBO 

PCO 

Counter input 

| PB5 

PB1 

PCI 

Trigger input 

PB6 

PB2 

PC 2 

Gate input 

PB7 

PB3 

PC 3 


counter/timers have the same capabilities as when 
used separately. The only restriction is that when 
Counter/Timer 1 drives Counter/Timer 2’s count 
input, Counter/Timer 2 must be programmed with 
its external count input disabled. 

There are three duty cycles available for the tim- 
er/counter output: pulse, one-short, and square 
-wave. Fig. 4 shows the counter/timer waveforms. 
When tte Pulse mode is specified, the output goes 
High for one clock cycle, beginning when the down- 
-counter leaves the count of 1. In the One-Shot 
mode, the output goes High when the counter/timer 
is triggered and and goes Low when the down- 


counter reaches 0. When the square -wave output 
duty cycle is specified, the counter/timer goes 
through two full sequences for each cycle. The ini- 
tial trigger causes the down-counter to be loaded 
and the normal countdown sequence to begin. If a 1 
count is detected on the down-counter’s clocking 
edge, the output goes High and the time constant 
value is reloaded. On the clocking edge, when both 
the down-counter and the output are l’s, the output 
is pulled back Low. 

The Countinuous/Single Cycle (C/SC) bit in the 
Mode Specification register controls operation of 
the down-counter when it reaches terminal count. 
If C/SC is 0 when a terminal count is reached, the 
countdown sequence stops. If the C/SC bit is 1 
each time the countdown counter reaches 1, the 
next cycle causes the time constant value to be re- 
loaded. The time constant value may be changed by 
the CPU, and on reload, the new time constant 
value is loaded. 

Counter/timer operations require loading the 
time constant value in the Time Constant register 
and initiating the countdown sequence by loading 
the down-counter with the time constant value. 
The Time Constant register is accessed as two 
8-bit registers. The registers are readable as well 
as writable, and the access order is irrelevant. A 0 
in the Time Constant register specifies a time con- 
stant of 65,536. The down-counter is loaded in 
one of thrde ways : 

(1) By writing a 1 to the Trigger Command Bit 
(TCB : write-only), 

(2) On the rising edge of the external trigger in- 
put, or, 

(3) For Counter/Timer 2 only,, on the rising 
edge of Counter/Timer l’s internal output if 
the counters are linked via the trigger input. 

Once the down-counter is loaded, the countdown 
sequence continues toward terminal count as long 
as all the counter/timers’ hardware and software 
gate inputs are High. If any of the gate inputs goes 
Low (0), the countdown halts. It resumes when all 
gate inputs are 1 again. 

The reaction to triggers occurring during a 
countdown sequence is determined by the state of 
the Retrigger Enable Bit (REB) in the Mode Speci- 
fication register. If REB is 0, retriggers are ignored 
and the countdown continues normally. If REB is 1, 
each trigger causes the down-counter to be re- 
loaded and the count-down sequence starts over 
again. If the output is programmed in the Square 
-Wave mode, retrigger causes the sequence to start 
over from the initial load of the time constant. 
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The rate at which the down-countor counts is 
determined by the mode of the counter/timer. In 
the Timer mode (the External Count Enable [ECE] 
bit is 0), the down-counter is clocked internally by 
a signal that is half the frequency of the PCLK in- 
put to the chip. In the Counter mode (ECE is 1), the 
down-counter is decremented on the rising edge of 
the counter/timer’s counter input. 

Each time the counter reaches terminal count, its 
Interrupt Pending (IP) bit is set to 1, and if inter- 
rupts are enabled (IE=1), an interrupt is gener- 
ated. If a terminal count occurs while IP is already 
set, an internal error flag is set. As soon as IP is 
cleared, it is forced to a 1 along with the Interrupt 
Error (ERR) flag. Errors that occur after the inter- 
nal flag is set are ignored. 

The state of the down-counter can determined in 
two ways : 


(1) By reading the contents of the down-counter 
via the Current Count register, or 

(2) By testing the Count In Progress (CIP) sta- 
tus bit in the Command Status register. 

The CIP status bit is set when the down-counter 
is loaded ; it is reset when the down-counter reaches 
0. The Current Count register is a 16-bit register, 
accessible as two 8-bit registers, which mirrors 
the contents of the down-counter. This register can 
be read anytime. However, reading the register is 
asynchronous to the counter’s counting, and the 
value returned is valid only if the counter is stop- 
ped. The down-counter can be reliably read “on 
the fly” by the first writing of a 1 to the Read 
Counter Control (RCC) bit in the counter/timer’s 
Command and Status register. This freezes the 
value in the Current Count register until a read of 
the least significant byte is performed. 


PCLK/20R 

COUNTER INPUT L - JL “ 11 — 'L— 11 — 11 — 11 — 1 L- 1 

TRIGGER ( ~ — - 


GATE 


PULSE OUTPUT 


ONE SHOT 
OUTPUT 

SQUARE WAVE OUTPUT 

FIRST HALF 0 

SQUARE WAVE OUTPUT ff 

SECOND HALF 

Fig. 4 Counter/timer waveforms 
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■ Internal Registers 

The followings illustrate the contents of the Reg- 
isters and, in addition, give to register address 
summary 

• Master Interrupt Control Register (MICR) 


Address : 000000 
(Read/Write) 


D7 

De 

Ds 

d 4 

Ds 

d 2 

Di 

Do 


MASTER INTERRUPT— I 
ENABLE (MIE) 

DISABLE LOWER CHAIN (DLC) — 

NO VECTOR (NV)— 

PORT A VECTOR INCLUDES— 
STATUS (PA VIS) 


Lreset 

— RIGHT JUSTIFIED ADDRESSES 

0 = SHIFT LEFT (Ao from ADi) 

1 = RIGHT JUSTIFY (Ao from ADo) 

— COUNTER/TIMERS VECTOR 
INCLUDES STATUS (CT VIS) 

— PORT B VECTOR INCLUDES 
STATUS (PB VIS) 


• Master Configuration Control Register (MCCR) 


Address I 000001 
(Read /Write) 


Dt 

De 

d 5 

d 4 

Ds 

D2 

Di 

Do 


PORT B-J 
ENABLE (PBE) 

COUNTER/TIMER 1 — 
ENABLE (CT1E) 

COUNTER/TIMER 2— 
ENABLE (CT2E) 

PORT C AND COUNTER/— 
TIMER 3 ENABLE 
(PCE AND CT3E) 


I COUNTER/TIMER LINK 

CONTROLS (LC) 

LCI LCO 

0 0 COUNTER/TIMERS INDEPENDENT 

0 1 C/T l’s OUTPUT GATES C/T 2 

1 0 C/T l’s OUTPUT TRIGGERS C/T 1 

1 1 C/T l’s OUTPUT IS C/T 2’s 

COUNT INPUT 

PORT A ENABLE (PAE) 

PORT LINK CONTROL (PLC) 

0 = PORTS A AND B OPERATE INDEPENDENT 

1 = PORTS A AND B ARE LINKED 




Port Mode Specification Registers (PMSR) 

Addresses I 100000 Port A 
101000 Port B 
(Read/ Write) 


Dt 


De 


D 2 


Do 


PORT TYPE 
SELECTS (PTS ) 

PTS1 PTSO 

0 0 BIT PORT 

0 1 INPUT PORT 

1 0 OUTPUT PORT 

1 1 BIDIRECTIONAL 

PORT 


INTERRUPT ON TWO- 
BYTES (ITB) 


SINGLE BUFFERED 
MODE (SB) 


LlATCH ON PATTERN MATCH (LPM) 

(BIT MODE) 

DESKEW TIMER ENABLE (DTE) 
(HANDSHAKE MODES) 

— PATTERN MODE SPECIFICATION 
BITS (PMS) 

PMS1 PMSO 

0 0 DISABLE PATTERN MATCH 

0 1 "AND” MODE 

1 0 "OR” MODE 

1 1 "OR PRIORITY ENCODED 

VECTOR” MODE 

— INTERRUPT ON MATCH ONLY (IMO) 
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• Port Handshake Specification Registers (PHSR) 


Addresses : 100001 Port A 
101001 Port B 
(Read/Write) 


D7 

D 6 

d 5 

d 4 

Ds 

d 2 

Di 

Do 



HANDSHAKE TYPE SPECIFICATION 
BITS (HST ) 


ZJ 


HST1 HSTO 

0 0 INTERLOCKED HANDSHAKE 

0 1 STROBED HANDSHAKE 

1 0 PULSED HANDSHAKE 

1 1 THREE WIRE HANDSHAKE 


DESKW TIME SPECIFICATION 
BITS 

SPECIFIES THE MSB’s OF 
DESKEW TIMER TIME CONSTANT 
LSB IS FORCED 1. 


REQUEST/WAIT SPECIFICATION 
BITS (RWS ) 


RWS2 RWS1 RWSO FUNCTION 

0 0 0 REQUEST WAIT DISABLED 

0 0 1 OUTPUT WAIT 

0 1 1 INPUT WAIT 

1 0 0 SPECIAL REQUEST 

1 0 1 OUTPUT REQUEST 

1 1 1 INPUT REQUEST 


• Port Command and Status Registers (PCSR) 


Addresses : 001000 Port A 
001001 Port B 
(Read/Partial Write) 


d 7 

d 6 

Ds 

D 4 

d 3 

d 2 

Di 

Do 


INTERRUPT UNDER 
SERVICE (IUS) 

INTERRUPT ENABLE (IE) 

INTERRUPT PENDING (IP) 

IUS , IE, AND IP ARE WRITTEN USING 
THE FOLLOWING CODE: 


NULL CODE 

0 

0 

0 

CLEAR IP & IUS 

0 

0 

1 

SET IUS 

0 

1 

0 

CLEAR IUS 

0 

1 

1 

SET IP 

1 

0 

0 

CLEAR IP 

1 

0 

1 

SET IE 

1 

1 

0 

CLEAR IE 

1 

JJ 

1 


INTERRUPT ERROR (ERR) 
(READ ONLY) 


INTERRUPT ON ERROR (IOE) 

PATTERN MATCH FLAG (PMF ) 
(READ ONLY) 

INPUT REGISTER FULL (IRF) 
(READ ONLY) 

OUTPUT REGISTER EMPTY (ORE) 
(READ ONLY) 
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• Data Path Polarity Registers (DPPR) 


Addresses: 100010 Port A 
101010 Port B 

000101 Port C (4 LSBs only) 
(Read/Write) 


d 7 

d 6 

d 5 

d 4 

D 3 

d 2 

Di 

Do 


DATA PATH POLARITY (DPP) 

0 = NON -IN VERTING 

1 = INVERTING 


• Special I/O Control Registers (SIOCR) 


Addresses: 100100 Port A 
101100 Port B 

000111 Port C (4 LSBs only) 
(Read/Write) 


d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

Dij 

Do 


T 


SPECIAL INPUT /OUTPUT (SIO) 

0 = NORMAL INPUT OR OUTPUT 

1 = OUTPUT WITH OPEN DRAIN OR 
INPUT WITH l’s CATCHER 


• Data Direction Registers (DDR) 


• Port Data Registers (PDR) 


Addresses: 100011 Port A 
101011 Port B 

000110 Port C (4 LSBs only) 
(Read/Write) 


d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

Di 

Do 


DATA DIRECTION (DD) 

0 = OUTPUT BIT 

1 = INPUT BIT 


Addresses: 001101 Port A 
001110 Port B 
(Read/Write) 


d 7 

D 6 

d 5 

d 4 

d 3 

d 2 

Di 

D 0 


• Port C Data Register (PCDR) 

Address: 001111 
(Read/Write) 


• Pattern Polarity Registers (PPR) 


d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

Di 

Do 


4 MSBs 


0 = WRITING OF CORRESPONDING LSS ENABLED 

1 = WRITING OF CORRESPONDING LSS INHIBITED 

(READ RETURNS 1) 


Addresses: 100101 Port A 
101101 Port B 
(Read/Write) 


d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

Di 

Do 


Pattern Transition Registers (PTR) 


Addresses: 100110 Port A 
101110 Port B 
(Read/Write) 


d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

Di 

D 0 



• Pattern Mask Registers (PMR) 


Addresses: 100111 Port A 
101111 Port B 
(Read/Write) 


d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

Di 

o 

Q 



PM 

0 

0 

1 

1 

1 

1 


PT PP PATTERN SPECIFICATION 

0 X BIT MASKED OFF 

1 X ANY TRANSITION 

0 0 ZERO 

0 1 ONE 

1 0 0NE-T0-ZER0 TRANSITION ( \ ) 

1 1 ZER0-T0-0NE TRANSITION ( / ) 
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• Counter/Timer Command and Status Registers (CTCSR) 

Addresses 0 0 10 10 Counter /Timer 1 
0 0 10 11 Counter /Timer 2 
0 0 1 1 0 0 Counter /Timer 3 
(Read/Partial Write) 


d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

D > 

Do 


Interrupt under service (IUS) — I 
(Read/Write) 

Interrupt enable (IE) 

(Read /Write) 

Interrupt pending (IP) 

(Read/Write) 

IUS , IE , IP are written using the following code 


L 


000 = Null code 

001 = Clear IP & IUS 

010 = Set IUS 

011 = Clear IUS 

100 = Set IP 

101 = Clear IP 

110 = Set IE 

111 = Clear IE 


Count in progress (CIP) 

(Read only) 

Trigger command bit (TCB) 

(Write only . Read returns 0) 

Gate command bit (GCB) 

(Read/Write) 

Read counter control (RCC) 

(Read /Set only cleared by reading CCR 

Interrupt error (ERR) 

(Read only) 


Ls) 


• Counter/Timer Mode Specification Registers (CTMSR) 


Addresses 0 1110 0 Counter /Timer 1 
0 1110 1 Counter /Timer 2 
0 11110 Counter /Timer 3 
(Read/Write) 


d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

Di 

Do 


Continuous single cyde (C/SC) 
External output enable (EOE) 
External count enable (ECE) 
External trigger enable (ETE) 
External gate enable (EGE) 



Output dutycycle selects 

00 = Pulse output 

01 = One -shot output 

10 = Square wave output 

11 = Do not specify 
Retrigger enable bit (REB) 


• Counter/Timer Current Count Registers (CTCCR) 

Address 0 1 0 0 0 0 Counter /Timer l’s MSB 
0 1 0 0 0 1 Counter /Timer l’s LSB 
0 10 0 10 Counter /Timer 2’s MSB 
0 10 0 11 Counter /Timer 2’s LSB 
0 10 10 0 Counter /Timer 3’s MSB 
0 10 10 1 Counter /Timer 3’s LSB 


(Read only) 


d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

Di 

Do 

d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

Di 

Do 


Most significante byte ' 1 Least significant byte 
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• Counter/Timer Time Constant Registers (CTTCR) 


Addresses: 010110 Counter/Timer l’s MSB 
010111 Counter /Timer l’s LSB 
011000 Counter/Timer 2’s MSB 
011001 Counter /Timer 2’s LSB 
011010 Counter/Timer 3’s MSB 
011011 Counter/Timer 3’s LSB 
(Read/Write) 


d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

D: 

Do 

D? 

d 6 

d 5 

d 4 

d 3 

d 2 

D! 

Do 


MOST SIGNIFICANT- 
BYTE 


LEAST 

SIGNIFICANT 

BYTE 


• Interrupt Vector Register (IVR) • Counter/Timer Status 



d 2 

Di 


Addresses: 000010 Port A 

0 

0 

C/T3 

000011 Port B 

0 

1 

C/T2 

000100 Counter/Timers 
(Read/Write) 

1 

0 

C/Tl 

1 

1 

Error 


d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

Di 

D 0 


INTERRUPT VECTOR 


• Port Vector Status 


(1) P encoded vector mode 


D3 D2 d 4 


X X X 

Number of highest priority 
bit with a watch 


(2) All other modes 


D 3 d 2 d x 


ORE IRF PMF 

Normal 

0 0 0 

Error 


• Current Vector Register (CVR) 


Address: 011111 
(Read Only) 


d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

Di 

Do 



INTERRUPT VECTOR BASED 
ON HIGHEST PRIORITY 
UNMASKED IP. 

IF NO INTERRUPT PENDING 
ALL l’s OUTPUT. 
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I UQAOQ/l UOAOO A Z8038/Z8038A FIO Input/ 
LnOUvO/ LnOUO OM Output Interface Unit 


■ Description 

The LH8038 Z8038 FIO provides an asynchro- 
nous 128 byte FIFO buffer between two CPUs or 
between a CPU and a peripheral device. This buf- 
fer interface expands to a 16-bit or wider data 
path and expands in depth to add as many FIFOs 
(and an additional LH8038) as are needed. 

The LH8038 manages data transfers by assum- 
ing Z-BUS, non-Z-BUS microprocessor (a general- 
ized microprocessor interface), Interlocked 2-Wire 
-Handshake, and 3 -Wire Handshake operating modes. 
These modes interface dissimilar CPUs or CPUs 
and peripherals running under differing speeds or 
protocols, allowing asynchronous data transactions 
and improving I/O overhead by as much as two 
orders of magnitude. 

The LH8038 supports the Z-BUS interrupt pro- 
tocols, generating seven sources of interrupts upon 
any of the following events : a write to a message 
register, change in data direction, pattern match, 
status match, over/underflow error, buffer full and 
buffer empty status. Each interrupt source can be 
enabled or disabled, and can also place an inter- 
rupt vector on the port address/data lines. 

The LH8038A Z8038A FIO is the high speed 
version which can operate at 6MHz system clock. 


■ Pin Connections 
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■ Features 

1. 128-byte FIFO buffer provides asynchronous 
bidirectional CPU/CPU or CPU/peripheral in- 
terface, expandable to any width in byte incre- 
ments by use of multiple FIOs. 

2. Interlocked 2 -Wire or 3 _ Wire Handshake logic 
port mode ; Z-BUS or non-Z-BUS interface. 

3. Pattern- recognition logic stops DMA transfers 
and/or interrupts CPU ; preset byte count can 
initiate variable-length DMA transfers. 


4. Seven sources of vectored/nonvectored inter- 
rupt which include pattern-match, byte count, 
empty or full buffer status ; a dedicated “mail- 
box” register with interrupt capability pro- 
vides CPU/CPU com munication. 

5. REQUEST/WAIT lines control high-speed 
data transfers. 

6. All functions are software controlled via directly 
addressable read/write registers. 
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■ Pin Description 

(1 ) Pins common to both ports 1 and 2 



Pin signal 

Meaning 

I/O 

Function 


M 0 

Multimicro output 

0 

Mi and M 0 program Port 1 side 


Mx 

Multimicro input 

I 

CPU interface 


(2) Z-bus low byte mode 


Pin 

Pin signal 

Meaning 

I/O 

Function 

D 0 ~D 7 

AD 0 AD7 

Address/data bus 

Bidirectional 

3 -state 

Multiplexed bidirectional bus, Z-BUS compatible 





Active low. open-drain output with WAITselected ; 

A 

REQ/WAIT 

Request/wait 

0 

REQUEST line for DMA transfer ; WAIT line for 
data transfers to and from CPU. 

B 

DMASTB 

DMA strobe 

I 

Active low. Provides timing for data transfer to and 
from the FIFO buffer. 

C 

DS 

Data strobe 

I 

Active low. Provides timing for data transfer to or 
from Z-FIO. 

D 

R/W 

Read/write 

I 

Active high signals CPU to head from Z-FIO ; active 
Low signals CPU to write to Z-FIO. 

E 

CS 

Chip select 

I 

Active low. Enables Z-FIO. Latched on the rising 
edge of AS. 

F 

AS 

Address strobe 

I 

Active low. Addresses. CS and INTACK are sampled 
while AS is Low. 

G 

INTACK 

Interrupt acknowledge 

I 

Active low. Latched on the rising edge of AS. 

H 

IEO 

Interrupt enable output 

0 

Active high. Sends interrupt enable to lower priority 
device IEI pin. 

I 

IEI 

Interrupt enable input 

I 

Active high. Receives interrupt enable from higher 
priority device IEI pin. 

J 

INT 

Interrupt request 

0 

Active low, open-drain output. 

Interrupt request signal to CPU. 


(3) Z-bus high byte mode 


Pin 

Pin signal 

Meaning 

I/O 

Function 

Do D7 

AD 0 ' ’ AD7 

Address/data bus 

Bidirectional 

3 -state I 

Multiplexed bidirectional bus, Z-BUS compatible. 





Active low, open-drain output when WAIT selected ; 

A 

REQ/WAIT 

Request/ wait 

0 

REQUEST line for DMA transfer ; WAIT line for 
data transfers to and from CPU. 

B 

DMASTB 

DMA strobe 

I 

Active low. Strobes DMA data to and from the FIFO 

buffer. 

C 

DS 

Data strobe 

I 

Active low. Provides timing for data transfer to or 
from Z-FIO. 

D 

R/W 

Read/write 

I 

Active high signals CPU to read from Z-FIO ; active 
low signal CPU to write to Z-FIO. 

E 

CS 

Chip select 

I 

Active low. Enables Z-FIO. Latched on the rising 
edge of AS 

F 

AS 

Address strobl 

I 

Active low. Addresses, CS and INTACK are sampled 
while AS is low. 

G~J 

Aq A3 

Address bits 

I 

Active high. Specify Z=FIO internal registers. 
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(4) Non-Z-bus mode 


Pin 

Pin signal 

Meaning 

I/O 

Function 

Dq D 7 

Dq D 7 

Data bus 

Bidirectional 

3 -state 

Bidirectional data bus. 





Active low, open-drain output when WAIT is select- 

A 

REQ/WAIT 

Request/wait 

0 

ed ; REQUEST line for DMA transfer ; WAIT- line 
for data transfer to and from CPU. 

B 

. DACK 

DMA acknowledge 

I 

Active low. DMA acknowledge signal. 

C 

RD 

Read 

I 

Active low. Timing signal for reading. 

D 

WR 

Write 

I 

Active low. Timing signal for writing. 

E 

CE 

Chip select 

I 

Active low. Signal that is used to select Z-FIO. 

F 

C/D 

Control/data 

I 

Active high identifies control byte on D 0 -D 7 , active 
low identifies data byte on D 0 -D 7 

G 

INTACK 

Interrupt acknowledge 

I 

Active low. acknowledges an interrupt. 

H 

IEO 

Interrupt enable output 

0 

Active high. Sends interrupt enable to lower priority 
device IEI pin. 

I 

IEI 

Interrupt enable input 

I 

Active high. Receives interrupt enable from higher 
priority device IEO signal. 

J 

INT 

Interrupt 

0 

Active low, open drain. Signals Z-FIO interrupt to 
CPU. 


(5) Port 2-1/0 port mode 


Pin 

Pin signal 

Meaning 

I/O 

Function 

Dq D 7 

Do D 7 

Data bus 

Bidirectional 

3 -state 

Bidirectional data bus. 

A 

RFD/DAV 

Ready for data/ 
data available 

0 

For input handshake, RFD (active High) signals that 
Z-FIO is ready to receive data. For output handshake, 
DAV (active Low) signals that output data is valid 

B 

ACKIN 

Acknowledge input 

I 

Active low. Signals that input data is valid in the case 
of input handshake or that output data is received by 
peripherals in the case of output handshake. 

B 

DAV/DAC 

Data available/ 
data accepted 

I 

For input handshake, DAV (active low) signals that 
input data is valid. For output handshake, DAC (ac- 
tive high) signals that listener has received data. 

C 

FULL 

Full 

0 

Active high, open drain. Signals that FIFO buffer is 
full. 

C 

DAC/RFD 

Data accepted/ 
ready for data 

I/O 

Both active high. For input handshake, DAC (an out- 
put) signals that data has been received from talker. 
For output handshake, RFD (an input) signals that 
the listeners are ready for data. 

D 

EMPTY 

Empty 

0 

Active high, open drain. Signals that FIFO buffer is 
empty. 

E 

CLEAR 

Clear 

I/O 

Active low. Can clear data from FIFO buffer in the 
case of input. 

F 

DATA DIR 

Data direction 

I/O 

Data direction is controllable for input. Active high 
signals data input to ports 2 ; Low signals data out- 
put from Port 2. 

G 

IN 0 

Input 

I 

Input line to bit 0 (D 0 ) of control register 3. 

H 

OUT! 

Output 

0 

Output line from bit (Di) of control register 3. 

I 

OE 

Output enable 

0 

Active low. When low, enables' bus drivers. When 
high, floats bus drivers at high inpedance. 

J 

out 3 

Output 

0 

Output line from bit 3 (D 3 ) of control register 3. 
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■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Input voltage* 

V,N 

— 0.3 — 1- 7 

V 

Output voltage* 

VoUT 

— 0.3 — h7 

V 

Operating temperature 

T oP r 

0 — 1-70 

°c 

Storage temperature 

^stg 

— 65 — 1-150 

°c 


Note The maximum applicable voltage on any pin with respect to GND. 


+ 5V 



+ 5V 


l 


From test output < 


2kH 


=f=50pF 


Standard test load 


Open-drain test load 


■ DC Characteristics (V cc =5V±5%,Ta=o~+70°C) 


Parameter 

Symbol 

Conditions 

MIN. 

MAX. 

Unit 

Input high voltage 

V,H 


2 

Vcc + 0.3 

V 

Input low voltage 

V IL 


-0.3 

0.8 

V 

Output high voltage 

VoH 

Ion = 250 fi A 

2.4 


V 

Output low voltage 

VoL 

Iol = + 2mA 


0.4 

V 

Iql — "P 3.2mA 


0.5 

V 

Input leakage current 

1 I„L 1 

0.4 <V IN < 2.4 V 


10 

M 

Output leakage current 

1 IoL 1 

0.4 ^Vqut^ 2.4 V 


10 

M 

Mode pins input leakage 

Ilm 

0<V IN <V cc 

-100 

10 

M 

Current consumption 

Icc 



200 

mA 


■ Capacitance (f=iMHz,Ta=o~+70’C) 


Parameter 

Symbol 

Conditions 

MIN. 

MAX. 

Unit 

Input capacitance 

CjN 

Unmeasured pins 
returned to ground 


10 

pF 

Output capacitance 

CoiJT 


15 

pF 

Bidirectional capacitance 

Ci/o 


20 

pF 


■ Inputs (f= 1MHz, Ta=0 — H70 < C) 


Parameter 

Symbol 

Conditions 

MIN. 

MAX. 

Unit 

Any input rise time 

tr 



100 

ns 

Any input fall time 




100 

ns 
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■ AC Characteristics 


(1 ) Z-bus CPU interface timing 


No.. 

Symbol 

Parameter 

LH8038 

| LH8038A 

Unit | 

Note 

MIN. 

MAX. 

MIN. 

'MAX. 

1 

TwAS 

AS low width 

70 


50 


ns 

1 

2 

TsA (AS) v 

Address to AS t setup time 

30 


10 


ns 

1 

3 

ThA (AS) 

Address to AS t hold time 

50 


30 


ns 

1 

4 

TsCSO (AS) 

CS to AS t setup time 

0 


0 


ns 

1 

5 

ThCSO (AS) 

CS to AS t hold time 

60 


40 


ns 

1 

6 

TdAS (DS) 

AS t to DS 1 delay 

60 - 


40 


ns 

1 

7 

TsA (DS) 

Address to DS 1 setup time 
(with AS t to DS i =60ns) 

120 


100 


ns 


8 

TsRWR (DS) 

R/W (Read) to DS i setup time 

100 


80 


ns 


9 

TsRWW (DS) 

R/W (Write) to DS 1 setup time - 

0 


0 


ns 


10 

TwDS 

DS low width 

390 


250 


ns 


11 

TsDW (DSf) 

Write data to DS i setup time 

30 


20 


ns 


12 

TdDS (DRV) 

DS (Read) 1 to address data bus driven 
delay 

0 


0 


ns 


13 

TdDSf (DR) 

DS 1 to read data valid delay 


250 


180 

ns 


14 

ThDW (DS) 

Write data to DS t hold time 

30 


20 


ns 


15 

TdDSr (DR) 

DS t to read data not valid delay 

0 


0 


ns 


16 

TdDS (DRz) 

DS t to read data float delay 


70 


45 

ns 

2 

17 

ThRW (DS) 

R/W to DS t hold time 

55 


40 


ns 


18 

TdDS (AS) 

DS t to AS i delay 

50 


25 


ns 


19 

Trc 

Valid access recovery time 

1000 


650 


ns 

3 


Note “ t ” indicates a rising edge and “ i ” a falling edge. 

Note 1 Parameter does not apply to interrupt acknowledge transactions. . \ 

Note 2 Float delay is measured to the time when the output has changed 0.5 V from steady state with minimum ac load and maximum dc 
load. 

Note 3 This is the delay from DS of one CIO access to DS of another FIO access (either read or write). 
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(2) Z-bus CPU interrupt acknowledge timing 


No. 

Symbol 

Parameter 

LH8038 

MIN. | MAX. 

LH8038A 

MIN. MAX. 

Unit 

Note 

20 

TsIA (AS) 

INTACK low setup time to AS t 

0 


0 


ns 


21 

ThIA (AS) 

INTACK low hold time to AS t 

250 


250 


ns 


22 

TdDSA (DR) 

DS (acknowledge) l to vector valid delay 


250 


180 

ns 


23 

TwDSA 

DS (acknowledge) low width 

390 


250 


ns 


24 

TdAS (IEO) 

AS t to IEO i delay (INTACK cycle) 


350 


250 

ns 

4 

25 

TdlEI (IEO) 

IEI to IEO delay 


150 


100 

ns 

4 

26 

TsIEI (DSA) 

IEI to DS (acknowledge) i setup time 

100 


70 


ns 


27 

ThIEI (DSA) 

IEI to DS (acknowledge) t hold time 

50 


30 


ns 

4 

28 

TdDS (INT) 

DS (INTACK cycle) to INT delay 


900 


800 

ns 


29 

TdDCST 

Interrupt daisy chain settle time 





ns 

4 


Note 4: The parameters for the devices in any particular daisy chain must meet the following constraint : The delay from AS to DS must 
be greater than the sum of TdAS (IEO) for the highest priority peripheral, TsIEI (DSA) for the lowest priority peripheral and 
TdlEI (IEO) for each peripheral, separating them in the chain. 



Z-bus CPU interrupt acknowledge timing 
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(3) Non-Z-bus CPU interface timing 


No. 

Symbol 

Parameter 

| LH8038 i 

| LH8038A 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

1 

TsCD (RD) 

C/D setup time to RD 1 

80 


80 


ns 

5 

2 

TsCD (WR) 

C/D setup time to WR 1 

80 


80 


ns 


3 

ThCD (RD) 

C/D hold time to RD t 

0 


0 


ns 

5 

4 

ThCD (WR) 

C/D hold time to WR t 

0 


0 


ns 


5 

TsCEI (RD) 

CE low setup time to RD i 

0 


0 


ns 

5 

6 

TsCEI (WR) 

CE low setup time to WR i 

0 


0 


ns 


7 

ThCEI (RD) 

CE low hold time to RD t 

0 


0 


ns 

5 

8 

ThCEI (WR) 

CE low hold time to WR t 

0 


0 


ns 


9 

TsCEh (RD) 

CE high setup time to RD I 

100 


70 


ns 

5 

10 

TsCEh (WR) 

CE high setup time to WR i 

100 


70 


ns 


11 

TwRDl 

RD low width 

390 


250 


ns 


12 

TdRD (DRA) 

RD | to read data active delay 

0 


0 


ns 


13 

TdRDf (DR) 

RD i to valid data delay 


250 


180 

ns 


14 

TdRDr (DR) 

RD t to read data not valid delay 

0 


0 


ns 


15 

TdRD (DRz) 

RD t to data bus float delay 


70 


45 

ns 

6 

16 

TwWRl 

WR low width 

390 


250 


ns 


17 

TsDW (WR) 

Data setup time to WR 1 

0 


0 


ns 


18 

ThDW (WR) 

Data hold time to WR t 

30 


20 


ns 


19 

Trc 

Valid access recovery time 

1000 


650 


ns 

7 


Note 5: Parameter does not apply to interrupt acknowledge transactions. 

Note 6: Float delay is measured to the ti me t he output has changed 0.5 V from stea dy state with minimum ac load and maximum dc load. 
Note 7: This is the delay from RD f to WR t of one FIO access to RD i or WR I of another FIO access. 



CE 

RD . OR WR 


— 
_/ — \ 



Non-Z-bus interface timing 
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(4) Non-Z-bus interrupt acknowledge timing 


No. 

Symbol 

Parameter 

| LH8038 

| LH8038A i 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

20 

TdlEI (IEO) 

IEI to IEO delay 


150 


100 

ns 

8 

21 

Tdl (IEO) 

INTACK i to IEO i delay 


350 


250 

ns 

8 

22 

TsIEI (RDA) 

IEI setup time to RD (acknowledge) i 

100 


70 


ns 

8 

23 

TdRD (DR) 

RD i to vector valid delay 


250 


180 

ns 


24 

TwRDI (IA) 

Read low width (interupt acknowledge) 

390 


250 


ns 


25 

ThIA (RD) 

INTACK low hold time to RD t 

30 


20 


ns 


26 

ThIEI (RD) 

IEI hold time to RD t 

20 


10 


ns 


27 

TdRD (INT) 

RD t to INT t delay 


900 


800 

ns 


28 

TdDCST 

Interrupt daisy chain settle time 

350 

i 

250 


ns 

8 


Note 8: The parameter for the devices in any particular daisy chain must meet the following constraint : The delay from INTAC i to RD i 
must be greater than the sum of TdINA (IEO) for the highest priority peripheral, TsIEI (RD) for the lowest priority peripheral, and 
TdlEI (IEO) for each peripheral separating them in the chain. 



(5) Port 2 side operation 


No. 

Symbol 

Parameter 

I LH3038 

| LH3038A 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

1 

TwCLR 

Width clear to reset FIFO 

700 


700 


ns 


2 

TdOE (DO) 

OE i to data bus driven 

0 


0 


ns 


3 

TdOE (DRZ) 

OE t to data bus float 





ns 



CLEAR INPUT 






y 


OE 

DATA OUT 




i 


< 


Valid data 


> 


Port 2 side operation 
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(6) 2-wire handshake (port 2 side only) output 


No. 

Symbol 

Parameter 

| LH8038 

| LH8038A 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

1 

TsDI (ACK) 

Data input to ACKIN i setup time 

50 


50 


ns 


2 

TdACKf (RFD) 

ACKIN i to RFD i delay 

0 

500 

0 

500 

ns 


3 

TdRFDr (ACK) 

RFD t to ACKIN l delay 

0 


0 


ns 


4 

TsDO (DAV) 

Data output to DAV I setup time 

50 


25 


ns 


5 

TdDAVf (ACK) 

DAV i to ACKIN ( delay 

0 


0 


ns 


6 

ThDO (A + K) 

Data output t to ACKIN hold time 

50 


50 


ns 


7 

TdACK (DAV) 

ACKIN 1 to DAV t delay 

0 

500 

0 

500 

ns 


8 

ThDI (RFD) 

/ Data input from RFD 1 hold time 

0 


0 


ns 


9 

TdRFDf (ACK) 

RFD i to ACKIN t delay 

0 


0 


ns 


10 

TdACKr (RFD) 

ACKIN t to RFD f delay 

0 

400 

0 

400 

ns 


11 

TdDAVr (ACK) 

DAV t to ACKIN f delay 

0 


0 


ns 


12 

TdACKr (DAV) 

ACKIN t to DAV i delay 

0 

800 

0 

800 

ns 


13 

TdACKf (EMPTY) 

ACKIN i to EMPTY t delay 

0 


0 


ns 


14 

TdACKf (FULL) 

ACKIN i to FULL i (FULL t ) delay 

0 


0 


ns 


15 

TcACK 

ACKIN cycle time 

1 


1 , 


ns 




DATA )$ 

Valid data ^ 


!<-©J 

ACKIN 

INPUT 

©\ 

1*©>) 

/ 

- — -® — H C<8H 

DAV 

OUTPUT 

“A 

_ / \ 



EMPTY 


<gh 


FULL \ 


2-wire handshake (Port 2 side only) input 
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(7) 3-wire handshake timing 


No. 

Symbol 

Parameter 

| LH3038 

| LH3038A 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

1 

TsDI (DAV) 

Data input to DAV i setup time 

50 


50 


ns 


2 

TdDAVIf (RFD) 

DAV ; to RFD i delay 

0 

500 

0 

500 

ns 


3 

TdDAVIf (DAC) 

DAV i to DAC t delay 

0 

500 

0 

500 

ns 


4 

ThDI (DAC) 

Data input from DAC t hold time 

0 


0 


ns 


5 

TdDACIr (DAV) 

DAC t to DAV t delay 

0 


0 


ns 


6 

TdDAVIr (DAC) 

DAV t to DAC i delay 

0 

500 

0 

500 

ns 


7 

TdDAVIr (RFD) 

DAV t to RFD f delay 

0 

500 

0 

500 

ns 


8 

TdRFDI (DAV) 

RFD t to DAV i delay 

0 


0 


ns 


9 

TsDO (DAC) 

Data output to DAV 1 setup time 





ns 


10 

TdDAVOf (RFD) 

DAV i to RFD i delay 

0 


0 


ns 


11 

TdDAVOf (DAC) 

DAV i DAC f delay 

0 


0 


ns 


12 

ThDO (DAC) 

Data output from DAC t hold time 





ns 


13 

TdDACOr (DAV) 

DAC t to DAV t delay 


400 


400 

ns 


14 

TdDAVOr (DAC) 

DAV t to DAC i delay 

0 


0 


ns 


15 

TdDAVOr (RFD) 

DAV t to RFD t delay 

0 


0 


ns 


16 

TdRFDO (DAV) 

RED t to DAV i delay 

0 

800 

0 

800 

ns 




3-wire handshake (Port 2 side only) input 



3-wire handshake (Port 2 side only) output 
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■ Operating Modes 

KH 8038 operates in any of twelve combinations 
of operating modes, listed in Table 1. Port 1 func- 
tions in either the Z-bus or non-Z-bus micro- 
processor modes, while Port 2 functions in Z-BUS; 
non-Z-bus, Interlocked 2-Wire Handshake, and 
3 -Wire Handshake modes. Table 2 describes the 
signals and their corresponding pins in each of 
these modes. 


The pins on the LH8038’s Port 1 side are iden- 
tical to those on the Port 2 side, except for two pins 
(M 0 and Mi), which select that port’s operating 
mode. Port 2’s operating mode is programmed by 
two bits (BO and Bl) in Port l’s Control register 0. 


Table 1 Operating modes 


Mode 

Mi 

m 2 

B, 

Bo 

Port 1 

Port 2 

0 

0 

0 

0 

0 

Z-bus low byte 

Z-bus low byte 

1 

0 

0 

' 0 

1 

Z-bus low byte 

Non-Z-bus 

2 

0 

0 

1 

0 

Z-bus low byte 

3 -wire handshake 

3 

0 

0 

1 

1 

Z-bus low byte 

2 -wire handshake 

4 

0 

1 

0 

0 

Z-bus high byte 

Z-bus high byte 

5 

0 

1 

0 

1 

Z-bus high byte 

Non-Z-bus 

6 

0 

1 

1 

0 

Z-bus high byte 

3 -wire handshake 

7 

0 

1 

1 

1 

Z-bus high byte 

2 -wire handshake 

8 

1 

0 

0 

0 

Non-Z-bus 

Z-bus low byte 

9 

1 

0 

0 

1 

Non-Z-bus 

Non-Z-bus 

10 

1 

0 

1 

0 

Non-Z-bus 

3 -wire handshake 

11 

1 

0 

1 

1 

Non-Z-bus 

2 -wire handshake 


Table 2 Pin assignments 


Signal pins 

Z-bus low byte 

Z-bus high byte 

Non-Z-bus 

Interlocked HS port* 

3 -wire HS port* 

0 

REQ/WAIT 

REQ/WAIT 

REQ/WAIT 

RFD/DAV 

RFD/DAV 

m 

DMASTB 

DMASTB 

DACK 

ACKIN 

DAV/DAC 

El 

DS 

DS 

RD 

FULL 

DAC/RFD 

IS 

R/W 

R/W 

WR 

EMPTY 

EMPTY 

E 

CS 

CS 

CE 

CLEAR 

CLEAR 

m 

AS 

AS 

C/D 

DATA DIR 

DATA DIR 

0 

INTACK 

Aq 

INTACK 

INo 

INo 

El 

IEO 

A-i 

IEO 

OUTi 

OUTx 

m 

IEI 

A-2 

IEI 

OE 

OE 

CD 

LNT 

A3 

INT 

OUT 3 

OUT 3 
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Z-BUS 


Z8002 


b 


SYSTEM 
I MEMORY 


b 


b 


b 


Z-FIO 


REQ 


DMASTB 


Z-DTC 


REQ 


a- 


3 


z-scc 




CHANNEL A 


CHANNEL B 


3 


Z8 


M ^ PORT 2 


L a ^ PORT 3 


< 8 > 

3RT ' 

< 8 > 


DMASTB 


-FIO 


b 




DMASTB 


Z-FIO 




b 


Z80 




SYSTEM 

[MEMORY! 


Z -bus Z 80 bus 

Fig. 1 CPU to CPU configuration 


Z 80 bus 


Z80 


Iv - ! rvl 


(MEMORY 


Z-FIO 


HA> 

SIGNALS 


j, HANDSHAKE 


Fig. 2 CPU to I/O configuration 


■ CPU Interface 

The LH8038 is designed to work with both 
Z-bus and non-Z-bus-type CPUs on both Port 1 
and Port 2. The Z-bus configuration interfaces 
CPUs with time-multiplexed address and data in- 
formation on the same pins. The Z8001, Z8002, 
and Z8 are examples of this type of CPU. The AS 
(Address Strobe) pin is used to latch the address 
and chip select information sent out by the CPU. 
The R/W (Read/Write) pin and the DS (Data 
Strobe) pin are used for timing reads and writes 
from the CPU to the LH8038 (Fig. 3 and 4). 


The non-Z-bus configuration is used for CPUs 
where the address and data buses are separate. An 
Example of this type of CPU is the Z80. The RD 
(Read) and WR (Write) pins are used to time reads 
and writes from the CPU to the FIO (Fig. 5 and 6). 
The C/D (Control/ Data) pin is used to directly ac- 
cess the FIFO bufferJC/D = Low) and to access 
the other register (C/D = High). 


ADo- AD7 


Address valid To CPU 

-(ZD CZ> 


AS 



\ 


cs \ / 


R/W / ^ 

DS \ / 

Fig. 3 Z-bus read cycle timing 
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Address valid 



Fig. 4 Z-bus write cycle tinning 



Fig. 5 Non-Z-bus read cycle timing 



Fig. 6 Non-Z-bus write cycle timing 


■ CPU-CPU Operation 

(1) DMA operation 

The LH8038 is particularly well suited to work 
with a DMA in both Z-bus and non-Z-bus mod- 
es. A data transfer between the LH8038 and sys- 
tem memory can take place durring every machine 
cycle on both sides of the LH8038 simultaneously. 

(2) Message registers 

Two CPUs can communicate through a dedicated 
“mailbox” register without involving the 128 X 8 
bit FIFO buffer. This mailbox approach is useful 
for the transferring control parameters between 
the interfacing devices on either side of the 
LH8038 without using the FIFO buffer. 

(3) Direction of data transfer operation 

The Data Direction bit controls the direction of 
data transfer in the FIFO buffer. This bit reads 
correctly when read by either port’s CPU. For ex- 
ample, if Port l’s CPU reads k 0 (CPU output) in 
its Data Direction bit, then Port 2’s CPU reads a 1 
(input to CPU) in its Data Direction bit. 


■ CPU to I/O Operation 

When Port 2 is programmed in the Interlocked 
2-Wire Handshake mode or the 3-Wire Handshake 
mode, and Port 1 is programmed in Z-bus or 
non-Z-bus Microprocessor mode, the LH8038 in- 
terfaces a CPU and a peripheral device. 

(1) Interlocked 2-wire handshake 

In the Interlocked Handshake, the action of the 
LH8038 must be acknowledged by the other half of 
the handshake before the next action can take 
place. In output mode, Port 2 does not indicate that 
new data is available until the external device indi- 
cates it is ready for the data. Similarly, in input 
mode, Port 2 does not indicate that it is ready for 
new data until the data source (external device) in- 
dicates that the previous byte of the data is no lon- 
ger available, thereby acknowledging Port 2’s 
acceptance of the last byte by Port 2’s Ready for 
Data Signal (RFD High). 
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(2) 3-wire handshake 

The 3-Wire Handshake is designed for applica- 
tions in which one output port is communicating 
with many input ports simultaneously. It is essen- 
tially the same as the Interlocked Handshack, ex- 
cept that two signals are used to indicate that an 
input port is ready for new data or that it has 
accepted the present data. With 3-Wire Hand- 
shake, these lines (RFD, DAC) of many input ports 
can be bussed together with open-drain drivers 
and the output port knows when all of the ports are 
ready and have accepted the data. This handshake 
is the same handshake used in the in IEEE-488 In- 
struments. Since the port’s direction can be changed 
under software control, bidirectional IEEE-488-type 
transfers can be performed. 

(3) Data direction control 

In CPU-to-I/O mode, the direction of data trans- 
fer can be controlled by the CPU side (Port 1) 
under software control. The data direction can also 
be determined by hardware control by defining the 


Data Direction pin of Port 2 as an input (Control 
Register 3, bit 5= 1). 

For cascading purposes, the Data Direction pin 
can also be defied as an output (Control Register 3, 
bit 5 = 0) pin which reflects the current state of 
the Data Direction bit. It can then be used to con- 
trol the direction of data transfer for other 
LH8038s or for external logic. 

■ Programming 

The programming of the LH 8038 is greatly sim- 
plified by the efficient grouping of the various op- 
eration modes in the control registers. Since all of 
the control registers are read/write, the need for 
maintaining thier image in system memory is eli- 
minated. Also, the read/write feature of the regis- 
ters aides in system debugging. 

Each side of the LH 8038 has 16 registers. All 
16 registers are used by the Port 1 side ; 


Table 1 Z-FIO register address summary 


Non-Z-bus 

D7-D4 

D 3 

d 2 

D x 

D 0 


Z-bus high 


a 3 

a 2 

Ai 

Ao 


Z-bus low 

RJA = 0 

AD7- AD5 

ad 4 

ad 3 

ad 2 

AD, 

AD 0 

RJA =1 

AD7-AD4 

ad 3 

ad 2 

ADi 

AD„ 



Register 


Control Register 0 

X 

0 

0 

0 

0 

X 

Control Register 1 

X 

0 

0 

0 

1 

X 

Interrupt Status Register 0 

X 

0 

0 

1 

0 

X 

Interrupt Status Register 1 

X 

0 

0 

1 

1 

X 

Interrupt Status Register 2 

X 

0 

1 

0 

0 

X 

Interrupt Status Register 3 

X 

0 

1 

0 

1 

X 

Interrupt Vector Register 

X 

0 

1 

1 

0 

X 

Byte Count Register 

X 

0 

1 

1 

1 

X 

Byte Count Comparsion 
Register 

X 

1 

0 

0 

0 

X 

Control Register 2* 

X 

1 

0 

0 

1 

X 

Control Register 3 

X 

1 

0 

1 

0 

X 

Message Output Register 

X 

1 

0 

1 

1 

X 

Message Input Register 

X 

1 

1 

0 

0 

X 

Pattern Match Register 

X 

1 

1 

0 

1 

X 

Pattern Mask Register 

X 

1 

1 

1 

0 

X 

Data Buffer Register 

X 

1 

1 

1 

1 

X 


X = Don’t Care bit (0, 1) 

* Register is only o Port 1 side 
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• Control Register 0 

Address: 0000 
(Read/Write) 


D 7 D6 

d 5 

d 4 

Ds 

d 2 

Di Do 


J 


1 = INTERRUPTS ENABLED (MIE) 

1 = DISABLE LOWER DAISY CHAIN (DLC) J 


L 


— RESET 

= RT.JUST. ADDRESS (RJA) 


1 = NO VECTOR ON INTERRUPT (NV)- 
1 = VECTOR INCLUDES STATUS (VIS) 


‘ — (Bi) (Bo) * 

0 0= Z BUS CPU 

0 1 = NON Z-BUS CPU 

1 0 = 3-WIRE HS I/O 

1 1 = INTERLOCKED HS 


PROGRAMS 
PORT 2 MODE 


* READ-ONLY FROM 
PORT 2 SIDE 


• Control Register 1 

Address: 0001 


[dT 

Ds 

Ds 

d 4 

d 3 

d 2 

LlJ 

Do 


(Read/Write) 


NOT USED I I 

(MUST BE PROGRAMMED OH 

1 = FREEZE STATUS REGISTER COUNT 
1 = MESSAGE MAILBOX REGISTER FULL*- 

1 = MESSAGE MAILBOX REGISTER UNDER- 
SERVICE* 


L-l = REQUEST/WAIT ENABLED 

0 = WAlT 

1 = REQUEST 

1 = START DMA ON BYTE COUNT 
1 = STOP DMA ON PATTERN MATCH 


* READ ONLY BITS 


• Control Register 2* 

Address: 1001 


(Read/Write) 


[57 

Ds 

Ds 

d 4 


d 2 

Di Do 


BITS 2-7 NOT USED 
MUST BE PROGRAMMED 0 


1—1 = PORT 2 SIDE ENABLED 
-1 = PORT 2 SIDE ENABLE HANDSHAKE 


*THIS REGISTER READS ALL 
0’S FROM PORT 2 SIDE 


• Control Register 3 

Address: 1010 
(Read/Write) 


[dT 

Ds 

Ds 

D 4 

d 3 

d 2 

II 

Do I 


0 = PORT 1 SIDE CONTROLS CLEAR‘D 

1 = PORT 2 SIDE CONTROLS 

0 = CLEAR FIFO BUFFER — 

0 = PORT 1 SIDE CONTROLS — 

1 = PORT 2 SIDE CONTROLS 


LpORT 2 SIDE-INPUT LINE*(PIN 33)** 
-PORT 2 SIDE-OUTPUT LINE (PIN 32)** 
-NOT USED (MUST BE PROGRAMMED 0) 

-PORT 2 SIDE-OUTPUT LINE (PIN 30)** 

-DATA DIRECTION BIT 
1 = INPUT TO CPU 
0 = OUTPUT FROM CPU 


* READ-ONLY BITS 

**ONLY WHEN PORT 2 IS AN I/O PORT 
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• Interrupt Status Register 0 

Address .* 0010 (Read/Write) 


1 D7 

D 6 

D 5 

d 4 

d 3 

d 2 

_£i 

Do 


MESSAGE INTERRUPT UNDER SERVICE ( IUS) J 
MESSAGE INTERRUPT ENABLE (IE) 


MESSAGE INTERRUPT PENDING (IP) - 
IUS, IE, AND IP ARE WRITTEN USING 
THE FOLLOWING COMMAND : 

NULL CODE 
CLEAR IP & IUS 
SET IUS 
CLEAR IUS 
SET IP 
CLEAR IP 
SET IE 
CLEAR IE 


0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

1 

“(p 

0 

1 

0 

1 

1 

1 

0 

1 

1 

1 


-NOT USED 

(MUST BE PROGRAMMED 0) 


• Interrupt Status Register 1 

Address : 0011 (Read/Write) 


D« 

D 5 

D 4 

d 3 

d 2 

Di 

Do 1 


DATA DIRECTION CHANGE INTERRUPT | 

UNDER SERVICE (IUS) 

DATA DIRECTION CHANGE INTERRUPT 
ENABLE (IE) 

DATA DIRECTION CHANGE INTERRUPT 
PENDING (IP) NOT USED 

(MUST BE PROGRAMMED 0) 

IUS, IE, AND IP ARE WRITTEN USING 
THE FOLLOWING COMMAND : 

NULL CODE 
CLEAR IP & IUS 
SET IUS 
CLEAR IUS 
SET IP 
CLEAR IP 
SET IE 
CLEAR IE 


0 

0 


0 

0 

l 

0 

1 

0 

0 

1 

1 

1 

0 

0 

1 

0 

1 

1 

1 

0 

1 

1 

1 


L 


1 = PATTERN MATCH FLAG* 
PATTERN MATCH INTERRUPT 

PENDING (IP) 

PATTERN MATCH INTERRUPT 
ENABLED IE) 

PATTARN MATCH INTERRUPT 

UNDER SERVICE (IUS) 

IUS, IE, AND IP ARE WRITTEN USING 
THE FOLLOWING COMMAND : 


0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

1 

0 

0 

1 

0 

1 

“T" 1 

1 

0 

i 

1 

1 


NULL CODE 
CLEAR IP & IUS 
SET IUS 
CLEAR IUS 
SET IP 
CLEAR IP 
SET IE 
CLEAR IE 


^READ ONLY BITS 
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• Interrupt Status Register 2 

Address: 0100 (Read/Write) 


D, 

D 6 

Ds 

d 4 

d 3 

d 2 


BYTE COUNT COMPARE INTERRUPT UNDER_] 
SERVICE (IUS) ! 
BYTE COUNT COMPARE INTERRUPT ENABLE (IE)f 
BYTE COUNT COMPARE INTERRUPT PENDING (IP)-j- 
OVERFLOW ERROR * — j- 
IUS,IE, AND IP ARE WRITTEN USING 
THE FOLLOWING COMMAND: ! 


NULL CODE 

0 

0 

0 

CLEAR IP & IUS 

0 

0 

1 

SET IUS 

0 

1 

0 

CLEAR IUS 

0 

1 

1 

SET IP 

1 

0 

0 

CLEAR IP 

1 

0 

1 

SET IE 

1 

1 

0 

CLEAR IE 

1 

1 

1 


^UNDERFLOW ERROR* 

-ERROR INTERRUPT PENDING (ID) 
j-ERROR INTERRUPT ENABLED (IE) 
-ERROR INTERRUPT UNDER SERVICE (IUS) 
IUS, IE, AND IP ARE WRITTEN USING 
THE FOLLOWING COMMAND: 

NULL CODE 
CLEAR IP & IUS 
SET IUS 
CLEAR IUS 
SET IP 
CLEAR IP 
SET IE 
CLEAR IE 


0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

1 

0 

0 

1 

0 

1 

1 

1 

0 

1 

1 

1 


* READ-ONLY BITS 


• Interrupt Status Register 3 

Address: 0101 (Read/Write) 


D 6 

D 5 

D 4 

d 3 

d 2 

Di Do 


FULL INTERRUPT UNDER SERVICE (IUS) — ! 
FULL INTERRUPT ENABLE (IE) — S- 
FULL INTERRUPT PENDING (IP) — j- 
BUFFER FULL* — 
IUS, IE, AND IP ARE WRITTEN USING 
THE FOLLOWING COMMAND: 


NULL CODE 

0 

0 

0 

CLEAR IP & IUS 

0 

0 

1 

SET IUS 

0 

1 

0 

CLEAR IUS 

0 

1 

1 

SET IP 

1 

0 

0 

CLAR IP 

1 

0 

1 

SET IE 

1 

1 

0 

CLEAR IE 

1 

1 

1 


0 

0 

0 

0 

0 

1 , 

0 

1 

0 

0 

1 

1 

1 

0 

0 

1 

0 

1 

1 

1 

0 

1 

1 

1 


L-buffer EMPTY* 

EMPTY INTERRUPT PENDING (IP) 
EMPTY INTERRUPT ENABLE (IE) 
EMPTY INTERRUPT UNDER SERVICE (IUS) 
IUS, IE, AND IP ARE WRITTEN USING 
THE FOLLOWING COMMAND: 

NULL CODE 
CLEAR IP & IUS 
SET IUS 
CLEAR IUS 
SET IP 
CLEAR IP 
SET IE 
CLEAR IE 


* READ- ONLY BITS 
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LH8038/LH8038A 


• Interrupt Vector Register 

Address: 0110 (Read/Write) 


d 7 

De 

Ds 

d 4 

d 3 

d 2 

Di 

Do 


VECTOR STATUS < 


NO INTERRUPTS PENDING 
BUFFER EMPTY 
BUFFER FULL 
OVER/UNDERFLOW ERROR 
BYTE COUNT MATCH 
PATTERN MATCH 
DATA DIRECTION CHANGE 
MAILBOX MESSAGE 


0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

1 

0 

0 

1 

0 

1 

1 

1 

0 

1 

1 

1 


• Byte Count Register 

Address: 0111 (Read Only) 


d 7 

De 

D 5 

d 4 

d 3 

d 2 

Di 



REFLECTS NUMBER OF BYTES IN BUFFER 

• Byte Count Comparison Register 

Address: 1000 (Read/ Write) 


[dT 

De 

Db 

d 4 

D 3 

D 2 

_Ei 

Do 


CONTAINS VALUE COMPARED TO BYTE COUNT 
REGISTER TO ISSUE INTERRUPTS ON MATCH 
(BIT 7 ALWAYS 0.) 

• Message Output Register 

Address: 1011 (Read/ Write) 


E 

De 

r*i 

d 4 

d 3 

1 ° 2 

D1 

1 D ° 1 


STORES MESSAGE SENT TO MESSAGE 
IN REGISTER ON OPPOSITE PORT OF FIO 

• Message Input Register 

Address: 1100 (Read Only) 


• Pattern Match Register 

Address: 1101 (Read/Write) 


|D~ 

De 

1 Ds 1 

1 D4 

d 3 

d 2 


Do 


STORES BYTE COMPARED WITH 
BYTE IN DATA BUFFER REGISTER 

• Pattern Mask Register 

Address: 1110 (Read/Write) 


E 

De 

Db 

d 4 

d 3 

d 2 

Di 

Do 


IF SET, BITS 0-7 MASK BITS 0-7 
IN PATTERN MATCH REGISTER. 
MATCH OCCURS WHEN ALL 
NON MASKED BITS AGREE. 

• Data Buffer Register 

Address: 1111 (Read/Write) 


M 

De 

Db 

d 4 

D 3 

D 2 

Di 

Do | 


CONTAINS THE BYTE TRANSFERRED 
TO OR FROM FIFO BUFFER RAM 


D 7 

De 

Db 

d 4 

Ds 

d 2 

_£l 

Do 


STORES MESSAGE RECEIVED FROM MESSAGE 
OUT REGISTER ON OPPOSITE PORT OF CPU 
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LH8060 


Z8060 FIFO Buffer Unit and Expander 


■ Description 

The LH8060 First-In, First-Out (FIFO) buffer 
unit consists of a 1 28-bit-by-8-bit memory, 
bidirectional data transfer and handshake logic. The 
structure of the FIFO unit is similar to that of other 
available buffer units. LH8060 is a general-pur- 
pose unit ; its handshake logic is compatible with that 
of other members of Z8, Z8000 family and Z8500 
family. 

■ Features 

1. Bidirectional, asynchronous data transfer capa- 
bility 

2. Large 128-bit-by-8-bit buffer memory 

3. Two-wire, interlocked handshake protocol 

4. 3 -state data outputs 

5. Wire-ORing of empty and full output for sens- 
ing of multiple -unit buffers 

6. Connects any number of LH8060 in series to 
form buffer of any desired length 

7. Connects any number of LH8060 in parallel to 
form buffer of any desired width 


■ Pin Connections 



r 1 > 


RFD/DAVa [T 

0 ! 

1 

HJ +5V 

ACKINa U 

27] RFD/DAVb 

FULL [T 

1 

1 

A f B 

26 ] ACKINb 

EMPTY [T 

1 

25] CLEAR 

oe 7 GE 

1 

1 

13 DIR A/B 

Doa [T 

1 

1 

23] OEb 

Dia |T 

1 

I 

1] Dob 

D 2 A IT 

1 

1 

1 

ID Dib 

D3 A [T 

1 

1 

ID D 2 B 

D4 A [To 

1 

1 

i 

Til D3H 

D 5 a E 

1 

1 

T| D4 b 

Do a E 

1 

1 

1 

n]D 5 B 

D 7 A E 

1 

i 

IDD6B 

GND E 

1 

1 

ID D 7 B 


L ! J 

Top View 


■ Block Diagram 
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LH8060 


■ Pin Description 


Pin 

Meaning 

I/O 

Function 

D 0 Dy 

Data bus 

Bidirectional 

3 -state 

Bidirectional data bus. 

ACKIN 

Acknowledge input 

I 

Active low. 

Input handshake indicates that input data is valid ; out- 
put handshake indicates that output data has been re- 
ceive by peripherals 

RFD/DAV 

Ready-for-data/data valid 

0 

Input handshake indicates RFD (active High) : Z-FIFO is 
ready to receive data. Output handshake indicates DAV 
(active low) : Output data is valid. 

CLEAR 

Clear 

I 

Active low. 

When set to low, this line causes all to be cleared from 
the FIFO buffer. 

DIR A/B 

Data direction 

I 

This line allows control of the input data direction. 
When high, data is to be inputted through port B, when 
low, data is to be intputted through port A. 

EMPTY 

Empty 

0 

Active high, open-drain. Indicates that the FIFO buffer 
is empty 

FULL 

Full 

0 

Active high, open-drain. Indicates that the FIFO buffer 
is full. 

OEa, OE b 

Output enable 

I 

Active low. 

OE a , when high, causes the bus drivers for port A to 
float to a high impedance level input. OE B controls the 
bus drivers for port B in the same manner as OE A con- 
trols those for port A 



■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 

Input voltage 

V, N 

— 0.3 — VI 

V 

1 

Output voltage 

VoUT 

-0.3 — 4- 7 

V 

1 

Operating temperature 

T„ pr 

0-4-70 

°c 


Storage temperature 



-65-4-150 

°c 



Note 1: The maximum applicable voltage on any pin with respect to GND. 


+ 5 V 

T 

: 250 /(A 


From output O y y 

under test 


p T W y 

50pF == (f) 11 


Standerd test load 


4-5 V 


2.2kn 


From output 
under test 



7tr 


Open-drain test load 
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■ DC Characteristics (v cc =5v+5%,Ta=o~+70”C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input high voltage 

V,H 


2 


Vcc + 0.3 

V 

Input low voltage 

V,L 


-0.3 


0.8 

V 

Output high voltage 

VoH 

Ioh = — 250 juA 

2.4 



V 

Output low voltage 

VqL 

Iol = + 2mA, I 0 l = ~P 3.2mA 



0.4, 0.5 

V 

Input leakage current 

1 I.L 1 

0.4^V in <2.4V 



10 

M A 

Output leakage current 

1 IoL 1 

0.4 ^V 0 ut< 2.4 V 



10 

m a 

Current consumption 

Icc 




200 

mA 

■ Capacitance (f=iMHz,Ta=o~+70 < C) 


Parameter 

Symbol 

Conditions 

MIN. 

MAX. 

Unit 

Input capacitance 

Qn 

Unmeasurred pins retured 
to ground 


10 

pF 

Output capacitance 

Cout 


15 

pF 

Bidirectional capacitance 

Q/o 


20 

pF 


■ AC Characteristics 


(1) Input pin (f=lMHz, Ta=0~+70°C) 


Parameter 

Symbol 

Conditions 

MIN. 

MAX. 

Unit 

Input rise time 

tr 



100 

ns 

Input fall time 

tf 



100 

ns 


(2) 2-wire interlocked handshake timing 


No. 

Symbol 

Parameter 

MIN. 

MAX. 

Unit 

1 

TsDI (ACK) 

Data input to ACKIN I to setup time 



ns 

2 

TdACKf (RFD) 

ACKIN i to RFD 1 delay 

0 


ns 

3 

TdRFDr (ACK) 

RFD t to ACKIN J delay 

0 


ns 

4 

TsDO (DAV) 

Data out to DAV i setup time 

25 


ns 

5 

TdDAVf (ACK) 

DAV i ACKIN 1 delay 



ns 

6 

ThDO(ACK) 

Data out from ACKIN t hold time 



ns 

7 

TdACK (DAV) 

ACKIN 1 to DAV t delay 

0 


ns 

8 

ThDI (RFD) 

Data input from RFD 1 hold time 

0 


ns 

9 

TdRFDf (ACK) 

RFD J to ACKIN t delay 

0 


ns 

10 

TdACKr (RFD) 

ACKIN t to RFD t delay 

0 


ns 

11 

TdDAVr (ACK) 

DAV t to ACKIN t delay 

0 


ns 

12 

TdACKr (DAV) 

ACKIN t to DAV i delay 

0 


ns 

13 

TdACKINf (EMPTY) 

(Input) ACKIF l to EMPTY f delay, 

(Output) ACKIN i to EMPTY i delay 



ns 

14 

TdACKINf (FULL) 

(Input) ACKIN l to FULL t delay, 

(Output) ACKIN i to FULL i delay 



ns 

15 

ACKIN Clock Rate 

(Input or Output) 

1.0 


MHz 

16 

TdACKINf (DAVf) 

ACKIN 1 to DAV l delay 



ns 

17 

TwCLR 

CLEAR “Low” hold. time to reset Z-FIFO 

700 


ns 

18 

TdOE (DO) 

OE I to data bus driven delay 

0 


ns 

19 

TdOE (DRZ) 

OE t to data bus float delay 



ns 


Note : All timing references assume 2.0 V for a logic 1 and 0.8 V for a logic 0 


398 


SHARP 








Z8060 FIFO Buffer Unit and Expander 


LH8060 


AC Timing Diagram 



CLEAR 

INPUT 


DATA OUT 


Input timing 



Output timing 



Time from ACKIN 1 to DAV 1 



Output enable and clear 
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■ Interlocked 2-Wire Handshake 

The LH8060 uses interlocked handshake opera- 
tions for data trasfer. In interlocked handshake op- 
eration, the action must be acknowledged by the 
other half of the handshake before the next action 
can occur. The following describs the handshake 
timing in input and output modes. 

(1) Input mode 

In an Input Handshake mode, RFD (output) and 
ACKIN (input) are used as the handshake control 
lines. Unless the FIFO buffer is full, RFD is set 
High and signals to the peripherals involved that 
the FIFO buffer is r eady to receive data. When the 
acknowledge signal ACKIN from the external de- 
vice is set Low, the LH8060 takes the input data 
into the buffer and sets RFD Low to signal to the 
peripherals that the input signal has been received. 
This process is repeated until the FIFO is full, 
RFD is kept low. 

DATA IN )( Valid data X X Va l id data X 

ACKIN \ / \ / 

rfd \ / \ r 

Fig. 1 2-wire interlocked handshake timing 
(input) 


This contorol feature allows the LH8060, with 
no external logic, to directly interface with port of: 

• Z8 

•z-cio 

•z-upc 

•Z-FIO 

• Another FIFO 

■ Resetting and Clearing the FIFO 

The CLEAR input signal is used to reset and clear 
the LH8060 FIFO. A Low level on this input clears 
all data from the FIFO buffer and disallows any 
data transfer. 

■ Bidirectional Transfer Control 

The LH8060 has bidirectional data transfer 
capability _under control of the DIR A/B input. 
When DIR A/B is set Low, data transfers are made 
from Port A to Port B. 

Setting DIR A/B High reverses the handshake 
assignments and the direction of transfer. 


Table 1 Bidirectional control function table 


DIR A/B 

Port A 

Port B 

transfer 

handshake 

handshake 

0 

Input 

Output 

A to B 

1 

Output 

Input 

B to A 


DATA OUT X~ Valid data 
ACKIN V 

DAV \ 



J V 


Fig. 2 2-wire interlocked handshake timing 
(output) 


■ Empty and Full Operation 

The EMPTY and FULL output lines can be 
wire-ORed with the EMPTY and FULL lines of 
other LH8060s and LH8038s. This capability en- 
ables the user to determine the empty/full status of 
a buffer consisting of multiple FIFOs, FIOs, or a 
combination of both. 


(2) Output mode 

In an - output handshake mode, DAV (output) and 
ACKIN are used as the control lines. If the L H8060 
has data in the FIFO buffer and if ACKIN is high 
(indicating that th e exte rnal device is ready to re- 
ceive data), it sets DAV Low to signal to the exter- 
nal device that the output data is available. 

.When the external device sets ACKIN low to indi- 
cate that it has received the data, LH8060 sets 
DAV back to a high level. In response, the external 
device sets ACKIN high to request the LH8060 for 
the next data. This process repeats till the FIFO 
buffe r becomes empty, when it becomes empty, 
DAV is kept high. 


■ Interconnection Example 

Fig. 3 illustrates a simplified block diagram 
showing the manner in which LH8060s can be in- 
terconnected to extend an LH8038 buffer. 


Table 2 Signals EMPTY and FULL operation 
table 


Number of 
bytes in FIFO 

EMPTY 

FULL 

0 

High 

Low 

1-127 

Low 

Low 

128 

Low 

High 
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■ Output Enable Operation 

The FIFO provides a separate Output Enable 
(OE) signal for each port of the buffer. An OE out- 
put is valid only when its port is in the Output 
Handshake mode. The control of_this output func- 
tion is shown in Table 3 -Signal OE operates with 
lines DIR A/B. 


Table 3 Output control function table 


DIR A/B 

OEa 

OEa 

F unction 

0 

X 

0 

Disable port A output 
Enable port B output 

0 

X 

1 

Disable port A output 
Enable port B output 

1 

0 

X 

Enable port A output 
Disable port B output 

1 

1 

X 

Disable port A output 
Disable port B output 


Note : X= Don’t care 



Fig. 3 Connection diagram 
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Serial Parallel Combination Controller 


■ Description 

The LH8071 (SPCC71) is a peripheral device for 
general purpose microcomputers, with control 
functions for RS232C interface and Centronics in- 
terface, within a single LSI chip. 

The LH8071 provides a serial port for transfer- 
ring data in asynchronous mode and also an 8 -bit 
parallel port with handshaking function as a Cen- 
tronics interface. 

The LH8071 has 24 commands for controlling 
these ports. The commands not only control the op- 
eration of RS232C terminal units and printers, but 
handle various utilities (e.g., code conversion) neces- 
sary for these units. Accordingly, the CPU needs 
merely to specify an operation through the com- 
mand, thus significantly reducing the CPU’s load in 
handling I/O units through the program, and even- 
tually reducing the amount of memory needed for 
storing the program. 

The LH8 Q71 c ontro ls the peripheral unit control 
lines (e.g., RTS and CTS of RS232C interface) 
according to the status of the units, instead of by 
software control from the CPU. Consequently, the 
system designer can configure the interface merely 
by connecting buffer devices and connectors. 

In conclusion, the LH8071 not only easily imple- 
ments the RS232C interface and Centronics inter- 
face, but achieves superior performance and space 
reduction. 


■ Pin Connections 


+ 5V |T 

r \ 

0 

40] RxD 

PCLK [7 


39] TxD 

IEO [T 


38) DTR 

IEI [7 


37] CTS 

inT [I 


U DCD 

INTACK Q[ 


U RTS 

DS |T 


34] SLCT 

R/W u 


H INPUT PRIME 

AS GE 


32J busy 

CS Go 


13 FAULT 

GND E 


U ACKNLG 

WAIT H 


1 DATA STROBE 

AD 7 [l3 


H DATAs 

ADe [T7 


27] DATA 7 

ADs m 


26] DATAe 

AD 4 m 


1 DATAs 

ads m 


13 data 4 

ad 2 in 


H DATAs 

ADi [l 9 


H DATAs 

ADo H> 


1 DATAi 


V 

Top View 


■ Features 

1. Asynchronous data transfer serial port 5. 128-byte data transfer buffer 

• RS232C interface can easily be realized • Useful for the serial port and parallel port 

• Programmable data format and Baud rate 6. Z-bus interface 

2. Printer control parallel port 7. 40-pin dual-in-line package 

• Centronics interface can easily be realized 8. Single + 5V power supply 

3. Data transfer and conversion functions by com- 
mand 

• 24 commands 

4. Data conversion function 

• Serial-parallel conversion 

• Binary-ASCII conversion 

• Intel hex, format acceptable for data input/ 
output 
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■ Block Diagram 
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■ Pin Description 


Pin 

Meaning 

I/O 

Function 

ad () ~ad 7 

Address/data bus 

Bidirectional 

3 state 

Multiplexed system address/data bus as address. 

- AS 

Address strobe 

I 

Active low. Fetch information on address/data bus as 

address. 

DS 

Data strobe 

I 

Active low. Transact information on address/data bus 

as data. 

R/W 

Read/write 

I 

High at reading. Output contents of internal register 
onto address/data bus; Low at writing. Fetch data on 
address/data bus. 

cs 

Chip select 

I 

Active low. Chip selection signal 

WAIT 

Wait 

0 

Active low, open-drain. Used to synchronize with CPU. 

INT 

Interrupt request 

0 

Active low, open-drain. Indicate interrupt request to 
CPU. 

INTACK 

Interrupt acknowledge 

I 

Active low. Indicate interrupt acknowledge cycle. 

IEI 

Interrupt enable input 

I 

Active high. Used to form interrupt priority arbitration 
loop circuit (daisy chain). 

IEO 

Interrupt enable output 

0 

Active high. Used to form daisy chain. 

DATA! -DAT A 8 

Output data 

0 

Output data 

DATA STROBE 

Data strobe 

0 

Active low. Indicate settlement of data. 

BUSY 

Busy 

I 

Active high. Indicate printer in operation. 

ACKNLG 

Acknowledge 

I 

Active high. Acknowledge signal from printer. 

FAULT 

Fault 

I 

Active low. Indicate printer inoperable. 

INPUT PRIME 

Prime input 

0 

Active low. Printer initializing signal. 

SLCT 

Select 

I 

Active low. Printer selection signal. 

RxD 

Received data 

I 

Receiving data line. 

TxD 

Transmitted data 

0 

Transmitting data line. 

RTS 

Transmission request 

0 

Active low. Indicate readiness for data transmission. 

CTS 

Transmission enable 

I 

Active low. Indicate data transmission is possible. 

DTR 

Data terminal ready 

0 

Active low. Data transmission request signal. 

DCD 

Reception enable 

I 

Active low. Indicate data reception is possible. 

PCLK 

Clock 

I 

Single-phase clock, need not be same as CPU clock. 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Input voltage* 

v IN 

— 0.3 — H7 

V 

Output voltage* 

Vqut 

— 0.3 — 17 

V 

Operating temperature 

T 

A opr 

0 — h 70 

°c 

Storage temperature 

Tstg 

-65- + 150 

°c 


* The maximum applicable voltage on any pin except for Vbb with respect to GND. 


+ 5V 



404 


Standard test load 
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■ DC Characteristics (v cc =5V±5%, Ta=o~+70°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Clock input high voltage 

Vch 


2.4 


V CC 

V 

Clock input low voltage 

V C L 


-0.3 


0.8 

V 

Input high voltage 

V,H 


2 


V cc 

V 

Input low voltage 

V, L 


-0.3 


0.8 

V 

Output high voltage 

VoH 

I oh =-250M 

2.4 



V 

Output low voltage 

VoL 

I 0 L = 2mA 


i 

0.4 

V 

Input leakage current 

1 IlL 1 

0^V 1N ^5.25V 



10 

M 

Output leakage current 

1 IoL 1 

0^V in ^5.25V 



10 

M 

Current consumption 

Icc 




250 

mA 


■ AC Characteristics 

(1) CPU interface timing (V CC =5V±5%, Ta=0~+70°C) 


No. 

Symbol 

Parameter 

MIN. 

MAX. 

Unit 

Note 

1 

TrC 

Clock rise time 

1 

20 

ns 


2 

TwCh 

DSClock pulse high width 

105 


ns 


3 

TfC 

Clock fall time 


20 

ns 


4 

TwCl 

Clock pulse low width 

105 


ns 


5 

TpC 

Clock period 

250 


ns 


6 

TsCS(AS) 

CS setup time to AS t 

0 


ns 

1 

7 

ThCS(AS) 

CS hold time from AS t 

60 


ns 

1 

8 

TsA(AS) 

Address setup time to AS t 

30 


ns 

1 

9 

ThA(AS) 

Address hold time from AS t 

50 


ns 

1 

10 

TwAS 

AS low pulse width 

70 


ns 


11 

TdDS(DR) 

Delay time from DS t to invalid 
readout data 

0 


ns 


12 

TdDS(DRz) 

Delay time from DS t to readout 
data floating 


70 

ns 

2 

13 

TdAS(DS) 

Delay time from AS t to DS i 

60 

2095 

ns 


14 

TdDS(AS) 

Delay time from DS t to AS 1 

50 


ns 


15 

ThDW(DS) 

Written data hold time from DS t 

30 


ns 

1 

16 

TdDS(DR) 

Delay time from DS i to readout 
data settlement 


! 

ns 

3 

17 

TdAz(DS) 

Delay time from address floating to DS 1 

0 


ns 


18 

TwDS 

DS low pulse width 

390 


ns 


19 

TsRWR(DS) 

R/W high (read) setup time to DS 1 

100 


ns 


20 

TsRWW(DS) 

R/W low (write) setup time to DS i 

0 


ns 


21 

TsDW(DSf) 

Written data setup time to DS i 

30 


ns 


22 

TdAS(W) 

Delay time from AS t to WAIT i 


195 

ns 


23 

ThWR(DS) 

R/W hold time from DS t 

60 


ns 


24 

TsDR(W) 

Time from valid readout data to WAIT t 

0 


ns 



t indicates rising edge, i indicates falling edge. The reference voltage levels for timing measurement are 2.0 volts for 
‘high’; 0.8 volts for ‘low’. 

Note 1: This does not apply to the interrupt acknowledge operation. 

Note 2: The Max. value of TdAS (DS) does not apply to the interrupt acknowledge operation. 

Note 3: The delay time depends on the status of LH8071 at the time of access by CPU. 


SHARP 


405 





LH8071 


Serial Parallel Combination Controller 



CPU interface timing 


(2) Interrupt acknowledge timing 


No. 

Symbol 

Parameter 

MIN. 

MAX. 

Unit 

Note 

25 

TsIA(AS) 

INTACK setup time to AS t 

0 


ns 


26 

ThlA(AS) 

INTACK low hold time from AS t 

250 


ns 


27 

TdAS(DSA) 

Delay time from AS t to DS i 
(acknowledge) 

940 


ns 


28 

TdDSA(DR) 

Delay time from DS 1 (acknowledge) 
to vector settlement 


360 

ns 


29 

TwDSA 

DS (acknowledge) low pulse width 

475 


ns 


30 

TdAS(IEO) 

Delay time from AS t to IEO 


290 

ns 


31 

TdlEIf(IEO) 

Delay time from IEI to IEO 


120 

ns 


32 

TsIEI(DSA) 

IEI setup time to DS 1 (acknowledge) 

150 


ns 


33 

TdDS(INT) 

Delay time from DS I to INT 


500 

ns 


34 

ThlEI(DS) 

IEI hold time from DS t 

100 


ns 
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(3) Reset timing 


No. 

Symbol 

Parameter 

MIN. 

MAX. 

Unit 

Note 

35 

TdRDQ(AS) 

Delay time from DS t 

(for suppressing reset) to AS i 

40 


ns 


36 

TdWRQ(DS) 

Delay time from AS t 

(for suppressing reset) to DS i 

50 


ns 


37 

TwRES 

Minimum low width of AS and DS 
(for setting) 

250 


ns 

4 


Note 4: The internal reset signal lags by 1/2 to 2 clocks behind external reset conditions. 


AS 

DS 


© / © 


— *-y 


Reset timing 


(4) Serial port timing 


No. 

Symbol 

Parameter 

MIN. 

MAX. 

Unit 

Note 

38 

TdTxC(TxD) 

' 

Delay time from sending clock transition 
to output data transition 


19000 

ns 

5 


Note 5: Applies to all baud rates (110-9800 B) serial port timing 


TxC / \ 

(§)-»- 


f- 

TxD ^ 

x 


Serial port timing 



(5) Parallel port timing 


No. 

Symbol 

Parameter 

MIN. 

MAX. 

Unit 

Note 

39 

TdACK(D) 

Time from ACKNLG 1 to data output 

13000 

18000 

ns 


40 

TdD(DSTR) 

Time from data output to 

DATA STROBE l 

6000 


ns 


41 

TwDSTR 

DATA STROBE pulse width 

6000 


ns 
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■ Registers 

The LH8071 has the following registers which 
can be accessed externally (from CPU). 

• Master interrupt control register (MIC) 

• Data indirect address register (DIND) 

• Data status command registers (DSCO, DSC1, 
DSC 2, DSC 3, DSC4, DSC 5 and DSC8) 

Table 1 shows the register addresses assigned to 
these registers. 

The master interrupt control register (MIC) is 
used to control the interrupt operation (see Fig. 2). 

Writing into the MIC register falls into two 
groups. 

Group 2 uses the write code shown in Table 2. 


Table 1 Register address 


Register 

Register address 

Register 

Register address 

DSCO 

xxooooox 

DSC 5 

XX00101X 

DSC1 

XX 0000 IX 

DSC 8 

XX01000X 

DSC 2 

XX00010X 

DIND 

XX10101X 

DSC 3 

XX00011X 

MIC 

XX11110X 

DSC4 

xxooioox 




Note: A 15 -A 6 is decoded and applied to cs, so that the location in 
the input/output address space is determined. Bits marked by ‘x’ 
are underfined. 



0 1 Buffer area over 

1 0 Input characters are other than 0~F 

(Intel format only) 

1 1 Check sum error 

0 1 Printer not select 

1 0 Printer paper empty 

(requires external circuit) 

1 1 Printer fault 

Transter error 
Limit error 
Parity error 
Illegal command 


Fig. 1 Error flag (DSC3) 


D 7 

De 

Ds 

D 4 

Ds 

D 2 

Di 

Do 

IE 

IUS 

IP 

□ 

□ 

DLC 

□ 

CST 


Command execution start 

Lower chaining prohibited 

Interrupt holding 

Interrupt under service 

Interrupt enabled 

Fig. 2 Master interrupt control register 


Table 2 MIC register write code 


Group 2 | 

| Group 1 

Function 

Dy 

De 

Ds 

d 2 

Do 

0 

0 

0 

X 

X 

Writing to Do and D 2 

0 

0 

1 

0 

0 

Reset IP (Ds) and IUS (De) 

0 

1 

0 

0 

0 

Set IUS (De) 

0 

1 

1 1 

0 

0 

Reset IUS (De) 

1 

0 

0 

0 

0 

Set IP (Ds) 

1 

0 

1 

0 

0 

Reset IP (Ds) 

1 

1 

0 

0 

0 

Set IE (D?) 

1 

1 

1 

0 

0 

Reset IE (D 7 ) 
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■ Programming 

Use the registers, DSCO, DSC1, DSC2, DSC3, 
DSC4, DSC5, and DSC8, to specify operation mode. 
The 24 types of commands are made valid by first 
writing a value corresponding to the desired com- 
mand number into DSCO, then setting the CST bit 
on MIC. The registers DSC1, DSC2, DSC4, and 
DSC5 are used to specify parameters for each com- 


mand. Command 0 is used in specifying serial data 
format using DSC2 (Fig. 3). 

The result of command execution is indicated on 
DSCO and DSC3. DSC3 indicates error status as 
show in Fig. 1. DSC8 is used as a buffer register 
after command 22 or 23 is executed. 

Tables 3 and 4 show command functions versus 
registers. 


Note : 


DSC2 


d 7 

De 

Ds 

d 4 

d 3 

d 2 

Di 

Do 



E_ 


Parity mode 

0 • even parity 

1 ’ odd parity 
Number of data bits 

0 : 7 bits 

1 ' 8 bits 

Baud rate (see Note) 

0 0 0 : 110 B 
0 0 1 : 150 B 

0 1 0 : 300 B 
Oil: 600 B 

1 0 0 : 1200 B 
1 0 1 : 2400 B 
1 1 0 : 4800 B 
111: 9600 B 

Number of stop bits of transmission 

0 : 1 stop bit 

1 : 2 stop bit 

Interrupt mode 

0 : Interrupt enabled 

1 .* Interrupt disabled 

Echo back 


Baud rate at PCLK = 4.0MHz 


0 : Echo back mode 

1 : Echo back disable 


Fig. 3 Serial data format (DSC2) 


SHARP 


409 





Serial Parallel Combination Controller 


LH8071 


Table 3 Command function and writing register contents 


^XRegister 

Commana\ 

Code 

| Parameter 

Function 

Remarks 

DSCO 

DSC1 

DSC 2 

DSC4 

DSC5 

0 

00 H 


Transfer 

format and 
operating mode 



Sepcify transfer format 
and operating mode. 


1 

01 h 


Stop 

character 



Output serial-input data 
to Centronics printer until 
the stop character arrives. 

Stop character is 
specified by DSC2. 

2 

02 h 

Number of 
output bytes 




Output serial-input data 
to Centronics printer. 

Operation stops 
upon detection of 
Control C (hex 03). 

3 

03 h 

Number of 
output bytes 


Load address 
(high order bytej 

Load address 
(low order byte) 

Output buffer area 
contents to serial port 
in Intel format. 

Address information 
of data is appended. 

4 

04 h 





Read Intel format data on 
serial port and store in 
buffer area. 

\ 

5 

05 h 

Number of 

bytes of 
block transfer 




Initialize block transfer 

between master CPU and 

buffer 


6 

06 h 

Number of 

output bytes 

Output 

starting 

address 



Output data in buffer area 
via serial port. 

Operation stops 
upon detection of 
Control C (hex 03). 

7 

07 h 

Number of 
output bytes 

Output 

starting 

address 



Output data in buffer area 
to printer. 

Operation stops 
upon detection 
of Control C (hex 
03). 

8 

o 

00 

X 

Number of 
output bytes 

Output 

starting 

address 



Convert binary data in 
buffer area into ASCII and 

area. 


9 

09 h 

Number of 
output bytes 

Output 

starting 

address 

Display 
address 
(High order) 

Display 
address 
(Low order) 

Convert binary data in 
buffer area into ASCII and 
output via serial port. 

Address information 
of data is appended. 

10 

oa h 

Number of 
output bytes 

Output 

starting 

address 



Convert binary data in 
buffer area into ASCII, 
and output to printer. 


11 

0B h 

Number of 

output bytes 

Output 

starting 

address 

Display 

address 
(High order) 

Display 

address 
(Low order) 

Convert binary data in 
buffer area into ASCII, 
and output to printer. 

Address information 
■ of data is appended. 

12 

0C h 

Number of 
input bytes 

Output 

character 



Read ASCII data on serial 
port, and store in buffer 

area. 


13 

0D h 





Read Intel format data on 
serial port and store in 
buffer area. 

Used when reader is 

connected to serial 

port. 

14 

0E„ 


Output 
! character 


i 

Read ASCII data on serial 
port until arrival of CR 
code. 

After CR reception, 
CR and LF codes are 

sent out via 
serial port. 

15 

0F h 

Number of 
output bytes 


Load 

address 

Load 

address 

Convert data in buffer 

area into Intel format and 
output via serial port. 

Used when a pun- 
cher is connected to 
serial port. 


SHARP 


410 





Serial Parallel Combination Controller 


LH8071 


\sRegister 

CommanSx^ 

Code 

Parameter 

Function 

Remarks 

DSCO 

DSC1 

DSC2 

DSC4 

DSC 5 

16 

10 H 

Number of 
input bytes 

Output 

character 



Read binary data on serial 
port into buffer area for 
storage. 

Used when a reader 

is connected to serial 

port. 

17 

Hh 

Number of 
output bytes 

Output 

starting 

address 



Output data in buffer 
area via serial ports. 

Used when a puncher 
is connected to serial 
port. Operation stops 
upon detection of 
hex 03. 

18 

12 h 





Output null codes via 
serial port. 

256 null codes 
outputted. 

19 

13 h 





Output EOF in Intel 
format ( :00000001FF) 
via serial port. 


20 

14 h 





Output null codes via 
serial port. 

Used when a puncher 
is connected to serial 
port. 

21 

15 h 





Output EOF in Intel 
format ( :00000001FF) 
via serial port. 

Used when a puncher 
is connected to serial 

port. 

22 

16 h 





Read 1-byte data on serial 
port. 

Data is stored in 

DSC8. 

23 

17 h 





Output data written in 
DSC8 by CPU via serial 
port. 

Data needs to be set 
in DSC8 prior to ex- 
ecution (high order 
byte) 
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Table 4 Register contents after command execution (readout register) 


\ Register 

Command 

Code 

Parameter 

DSCO 

DSC1 

DSC 2 

DSC 3 

DSC 4 

DSC5 

1* 

| 2* 

3* 

0 

00 H 

in 

o 

00 

C0 H 



Error status flag 



1 

01 h 

81„ 

C1 h 



Error status flag 



2 

02 h 

82 h 

C2 h 



Error status flag 



3 

03 h 

83 h 

C3 h 



Error status flag 



4 

04 h 

84 h 

C4 h 


Number of inputted 
bytes pluse hex 20 

Error status flag 

Load address 
(High order byte) 

Load address 
(Low order byte) 

5 

05 h 

85 h 

C5 h 



Error status flag 



6 

06 h 

86„ 

C6h 



Error status flag 



7 

07 h 

00 

X 

C7 h 



Error status flag 



8 

08 h 

88 h 

C8 h 



Error status flag 



9 

09 h 

89„ 

C9 h 



Error status flag 



10 

oa h 

8A h 

CA„ 



Error status flag 



11 

0B h 

8B h 

CB h 



Error status flag 



12 

0C h 

8C h 

CC h 



Error status flag 



13 

0D h 

8D h 

CD h 


Number of inputted 
bytes plus hex 20 

Error status flag 

Load address 
(High order byte) 

Load Adress 
(Low order byte) 

14 

0E h 

8E„ 

CE h 



Error status flag 

Number of inputtecl 
byte pulse hex 20 


15 

0F h 

8F„ 

CF„ 



Error status flag 



16 

10 h 

O 

X 

DO h 



Error status flag 



17 

11h 

91 h 

D1 h 



Error status flag 



18 

12 h 

92 h 

D2 h 



Error status flag 



19 

13 h 

93„ 

D3 h 



Error status flag 



20 

14 h 

94„ 

D4 h 



Error status flag 



21 

15 h 

95 h 

D5 h 



Error status flag 



22 

16 h 

96 h 

D6„ 



Error status flag 



23 

17 h 

97„ 

D7 h 



Error status flag 




Note 1 1 * : Value before command execution (command code value) 

2 * : Value upon normal completion of command execution. 

3 * : Value upon abnormal completion (error) of command execution. 

These are common to all commands. 

Note 2 For error status flag value, see Fig. 1. 

Note 3 If FAULT input becomes low (printer error) during command execution, LH8071 suspends operation until FAULT returns to high 
(error recovery). At this time, DSCO has bit 6 set and bit 7 reset. 
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LH8072 Serial Parallel 

■ Description 

The LH8072 (SPCC72) is a peripheral device for 
general purpose microcomputer systems to perform 
asynchronous serial data transfers and control of 
Centronics compatible printers. 

It supports full duplex asynchronous serial data 
transfers. The transfer conditions such as the baud 
rate and character length can be set by the 
program. Further, it is equipped with a control I/O 
terminal for simple organization of the various types 
of modem interfaces. The Receive Buffer has a dou- 
ble buffer structure so that the master CPU can easi- 
ly perform reading and writing of data. 

A printer control I/O terminal is available for 
easy connection to any printer which is Centronics 
compatible. A handshake line and control for 
other I/O lines is supported. A 128 -byte printer 
data buffer memory having an FIFO structure is 
provided within the LH8072. Efficient use of the 
printer unit by the master CPU is made possible 
with this buffer. 

In this way, the LH8072 peripheral device for 
Z8000 family, was developed to efficiently perform 
serial data transfer and printer output control 
within a compact package. It is suitable for use in 
small systems such as personal computers which 
use printer units, RS232C terminal units and mod- 
em units. 


■ Features 

1. Asynchronous Full Duplex Data Transfer 

• Character length of 5 -8 bits 

• 1 or 2 stop bits 

• No parity bit or odd/even parity 

• False start bit or rejection (rejects spike 
noise in the mark line to prevent malfunc- 
tion.) 

• Full duplex 

• Transmit buffer has double buffer structure. 

• Receive buffer has FIFO structure. 

• Error detection function, Parity error detec- 
tion, Framing error detection, and Overrun 
error detection 

• Baud rates : 75, 110, 150, 300, 600, 1200, 
2400, 4800 baud selectable 

2. Centronics Compatible Printer Control 


Combination Controller 


■ Pin Connections 






+ 5V 

PCLK 

E 

II 

r 

O 

40] 

39] 

RxD 

TxD 

IEO 

E 


38) 

DTR 

IEI 

E 


37] 

CTS 

Int 

E 


36] 

DCD 

INTACK 

E 


35) 

RTS 

DS 

E 


m 

NC 

R/W 

E 


ID 

INPUT PRIME 

AS 

E 


ID 

BUSY 

CS 

EE 


ID 

FAULT 

GND 

E 


ID 

ACKNLG 

WAIT 

in 


ID 

DATA STROBE 

ad 7 

m 


ID 

DATA* 

ADe 

E 


ID 

DATA? 

ADs 

E 


ID 

DATA* 

ad 4 

EE 


i 

DATA:, 

AD.3 

E 


i 

DATA. 

ad 2 

EE 


ID 

DATA* 

ADi 

E 


m 

DATA* 

ADo 

Hi 

) 

ID 

DATAi 

Top View 





• Furnishes printer interface signals compati- 
ble with Centronics specifications 

• Built-in handshake function for data output 

• Internal buffer : 128-byte FIFO structure 

• Error detection : Printer fault error/Paper 
empty error 

3. Vector Interrupt 

• Able to generate an interrupt on various 
condition such as Transmit Buffer empty, 
validity of received character, and printer 
Output Buffer empty. 

• Interrupt vectors for Transmit, Receive, 
Printer and Error detection can be set indi- 
vidually. 

4. Single + 5V power supply 

5. Z-bus interface 

6. 40-pin dual-in-line package 


SHARP 


413 





Serial Parallel Combination Controller 


LH8072 


■ Block Diagram 
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■ Pin Description 


Pin 

Signal 

I/O 

Function 

AD 0 ' AD7 

Address/data bus 

Bidirectional 

3-state 

Multiplexed system address/data bus 

AS 

Address strobe 

I 

Active low. Fetch information on address/data bus as 

address. 

DS 

Data strobe 

I 

Active low. Transact information on address/data bus 

as data. 

R/W 

Read /write 

I 

High at reading. Output contents of internal register 
onto address/data bus ; Low at writing. Fetch data on 
address/data bus. 

cs 

Chip select 

I 

Active low. Chip selection signal 

WAIT 

wait 

0 

Active low, open-drain. Used to synchronize with CPU. 

INT 

Interrupt request 

0 

Active low, open-drain. Indicate interrupt request to 
CPU. 

INTACK 

Interrupt acknowledge 

I 

Active low. Indicate interrupt acknowledge cycle. 

IEI 

Interrupt enable input 

I 

Active high. Used to form interupt priority arbitration 
loop circuit (daisy chain). 

IEO 

Interrupt enable output 

0 

Active high. Used to form daisy chain. 

DATA!~DATA 8 

Output data 

0 

Output data 

DATA STROBE 

Data strobe 

0 

Active low. Indicate settlement of data. 

BUSY 

Busy 

I 

Active high. Indicate printer in operation. 

ACKNLG 

Acknowledge 

I 

Active high. Acknowledge signal from printer. 

FAULT 

Fault 

I 

Active low. Indicate printer inoperable. 

INPUT PRIME 

Prime input 

0 

Active low. Printer initializing signal. 

RxD 

Receivived data 

I 

Receiving data line. 

TxD 

Transmitted data 

0 

Transmitting data line. 

RTS 

Transmission request 

0 

Active low. Indicate readiness for data transmission. 

. CTS 

Transmission enable 

I 

Active low. Indicate data transmission is possible. 

DTR 

Data terminal ready 

0 

Active low. Data transmission request signal. 

DCD 

Reception enable 

I 

Active low. Indicate data reception is possible. 

PCLK 

Clock 

I 

Signal-phase clock,' need not be same as CPU clock. 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Input voltage* 

V,N 

— 0.3 — b0.7 

V 

Output voltage* 

VoUT 

—0.3 — h0.7 

V 

Operating temperature 

T„ Dr 

0 — b70 

°c 

Storage temperature 

T s te 

— 65 — f 150 

°c 


*The maximum applicable voltage on any pin with respect to GND. 


+ 5 V 



Standard test load 
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■ DC Characteristics (v cc =5v±5%,Ta=o~+70°C) 


Parameter 

Symbol 

Condition 

MIN. 

MAX. 

Unit 

Note 

Clock input high voltage 

V CH 


2.4 

V CC 

V 


Clock input low voltage 

V C L 


-0.3 

0.8 

V 


Input high voltage 

V IH 


2.0 

V CC 

V 


Input low voltage 

VlL 


-0.3 

0.8 

V 


Output high voltage 

VoH 

I()ii = 250 /*A 

2.4 


V ' 


Output low voltage 

VoL 

Iol = 2.0mA 


0.4 

V 


Input leakage current 

1 IlL 1 

0^V in ^5.25V 


10 . 

M 


Output leakage current 

1 IoL 1 

0^Vi N ^5.25V 


10 

M 


Current consumption 

Icc 



250 

mA 



■ AC Characteristics 

(1 ) CPU interface timing 


No. 

Symbol 

Parameter 

MIN. 

MAX. 

Unit 

Note 

1 

TrC 

Clock rise time 


20 

ns 


2 

TwCh 

Clock pulse width, high 

105 


ns 


3 

TfC 

Clock fall time 


20 

ns 


4 

TwCI 

Clock pulse width, low 

105 


ns 


5 

TpC 

Clock period 

250 


ns 


6 

TsCS (AS) / 

CS setup time to AS t 

0 


ns 

1 

7 

ThCS (AS) 

CS hold time from AS t 

60 


ns 

1 

8 

TsA (AS) 

Address setup time to AS t 

30 


ns 

1 

9 

ThA (AS) 

Address hold time from AS t 

50 


ns 

1 

10 

TwAS 

AS low pulse width 

70 


ns 


11 

TdDS (DR) 

Delay time from DS t to invalid 
readout data 

0 


ns 


12 

TdDS (DRz) 

Delay time from DS t to readout 
data fioating 


70 

ns 

2 

13 

TdAS (DS) 

Delay time from AS t to DS 1 

60 

2095 

ns 


14 

TdDS (AS) 

Delay time from DS t to AS i 

50 


ns 


15 

ThDW (DS) 

Written data hold time from DS t 

30 


ns 

1 

16 ' 

TdDS (DR) 

Delay time from DS 1 to readout 
data settlement 




3 

17 

TdAz (DS) 

Delay time from address floating to DS 

0 


ns 


18 

TwDS 

DS low pulse width 

390 


ns 


19 

TsRWR (DS) 

R/W high (read) setup time to DS 1 

100 


ns 


20 

TsRWW (DS) 

R/W low (write) setup time to DS i 

0 


ns 


21 

TsDW (DSf) 

Written data setup time to DS i 

30 


ns 


22 

TdAS (W) 

Delay time from AS t to WAIT 1 


195 

ns 


23 

ThRW (DS) 

R/W hold time from DS t 

60 


ns 


24 

TsDR (W) 

Time from vaild readout data to WAIT 

0 


ns 



t indicates rising edge, I indicates falling edge. The reference voltage levels for timing measurement are 2.0 volts 
‘high’ ; 0.8 volt for ‘low’. 

Note 1: This does not apply to the interupt acknowledge operation. 

Note 2: The Max. value of TdAS (DS) does not apply to the interrupt acknowledge operation. 

Note 3: The delay time depends on the status of LH8072 at the time of access by CPU. 
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Undefined , 
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CPU (read) 
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M 


CPU interface timing 


Interrupt acknowledge timing 
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(3) Serial port timing 


No. 

Symbol 

Parameter 

MIN. 

MAX. 

Unit 

Note 

38 

TdTxC (TxD) 

Delay time from sending clock transition 
to output data transistion 


35000 

ns 

4 


Note 4 > Applies to all baud rates (75-4800 B) 


TxC f 


TxD 


/ 

~~ y 

Serial port timing 


(4) Parallel port timing 


No. 

Symbol 

Parameter 

MIN. 

MAX. 

Unit 

Note 

39 

TaACK (D) 

Time from ACKNLG 1 to data output 

24000 


ns 


40 

TdD (DSTR) 

Time from data output to 

DATA STROBE \ 

6500 


ns 


41 

TwDSTR 

DATA STROBE pulse width 

6500 


ns 




■ Registers 

The LH8072 uses 64 bytes in the system input/ 
output address space. Within this area, 14 bytes 
are assigned to the 1-byte registers (including data 
buffer, status, register, control register, etc.) which 
can directly be accessed by master CPU. 

Table 1 lists the registers used for data transac- 
tion with the maser CPU and their addresses. 




Table 1 Register input/output address 


Address 

Register 

X X 00000 X 

Error status register(ERR) 

X xooooix 

Mode setting register (MSR) 

X xoooiox 

Control register (CTL) 

XX00011X 

Transmission status register (TxS) 

X xooioox 

Reception status register (RxS) 

XX00101X 

Printer status register (PRS) 

XX00110X 

Transmission buffer (TxB) 

XX00111X 

Reception buffer (RxB) 

X xoiooox 

Printer buffer (PRB) 

XX01001X 

Transmission interrupt vector 
. register (TxV) 

XX01010X 

Reception interrupt vector register 
(RxV) 

XX01011X 

Printer interrupt vector register 
(PRV) 

XX01100X 

Error interrupt vector register (ERV) 

XX11110X 

Master interrupt control register 
(MIC) 


Note : A15-A6 is decoded and applied to CS, so that the location 

in the input/output address space is determined. Bits 
marked by ‘x’ are undefined. 
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■ Programming 

The LH8072 has 14 read/write registers which 
can be accessed directly by the master CPU. 

(1) Initialization 

The device is initialized in accordance with the 
following procedure. 

(1) Following power-on reset, or master reset 
by software, set the mode register is prog- 
rammed for character format, baud rate, 
stop bit and parity mode. Subsequently data 
required by control register* and interrupt 
vector registers* (transmission, reception 
and printer error interrupt vector registers) 
is programmed. 

(2) Clear the error status register. 

(3) Wait until the data transfer enable bit in the 
master interrupt control register is set to 
“1”, making the LH8072 operable. 

In case interrupt is used, the above polling op- 
eration is unnecessary. When transmission, recep- 
tion and printer output become enable, interupt re- 
quest is forwarded to the master CPU, indicating 
that the LH8072 has become operable. 


Note: Registers marked by * can be set or revised even 
during the operation of LH8072. 

(2) Data input/output 

Data transfer between LH8072 and CPU is car- 
ried out in accordance with the following proce- 
dure. 

(1) Poll the status registers (transmission, re- 
ception and printer status register) and wait 
until they become “1”. In case interrupt 
(transmission, reception and printer inter- 
rupt) is used, interrupt occurs as soon as 
the value of each status register becomes 
“1”, and polling is not necessary. 

(2) After the status register has been set to “1” 
(or after interrupt has occurred), begin data 
transfer via the buffers (transmission, re- 
ception and printer buffers). 

(3) Clear the status register. If the above opera- 
tion is implemented using an interrupt 
routine, the interrupt-under-service (IUS) 
bit must be reset immediately before the end 
of each interupt routine. 


(Td 

d 6 

Ds 

1)4 

d 3 

d 2 

Di 

Do 



Fig. 1 Error status register (ERR) 



5 bits /character 

6 bits /character 

7 bits /character 

8 bits /character 


S top -bit -2/S top -bit - 1 
Odd -parity/Even -parity 
With - par ity/ W ithout -parity 


Fig. 2 Mode setting register (MSR) 
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D 7 | Do | Ds | D 4 | Ds | D 2 | Di | Do 

l_ 


1 D? 1 

De 

Ds 

D 4 

d 3 

d 2 

Di 

Do 

1 

1 


RTS 

DTR 


-Reception data 


“Transmission enabled 
“Reception enabled 
“Printer output enabled 
“Transmission interrupt enabled 
“Reception interrupt enabled 
“Printer interrupt enabled 


Fig. 8 Reception buffer (RxB) 
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Fig. 3 Control register (CTL) 


Printer output data 

Fig. 9 Printer buffer (PRB) 


D 7 

De 

Ds 

D 4 

d 3 

d 2 

Di Do | 


L 


Transmission buffer empty 
- 0 


D? 

De 

Ds 
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Di 
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Fig. 4 Transmission status register (TxS) 
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Ds 
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Di 
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Transmission interrupt vector 

Fig. 10 Transmission interrupt vector register 
(TxV) 
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Fig. 5 Reception status register (RxS) 
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Reception interrupt vector 

Fig. 11 Reception interrupt vector register (RxV) 


-Printer buffer empty 
-0 
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Fig. 6 Printer status register (PRS) 


Printer interrupt vector 

Fig. 12 Printer interrupt register (PRV) 
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E>4 
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Di 
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-Transmission data 


LEl 

De 

D 5 

d 4 

d 3 

d 2 

Di 

Do 


Error 


Fig. 7 Transmission buffer (TxB) 


Error interrupt vector 

Fig. 13 Error interrupt vector register (ERV) 


At reading 
Master interrupt enable(MIE) " 
Interrupt under service (I US) 
Interrupt pending (IP) 

At writing 


d 7 

De 

Ds 

d 4 | 

d 3 

d 2 

Di 

Do 1 


-Undefined at reading/“0” at writing 
-Disabled lower chaining (DLC) 
-Data transfer enable (reading only) 
-Undefined at reading/“0” at writing 


0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

1 

0 

0 

1 

0 

1 

1 

1 

0 

1 

1 

1 


Writing to Do, Di, D 2 , D 3 and D 4 

Reset IP and IUS 

Set IUS 

Reset IUS 

Set IP 

Reset IP 

Set MIE 

Reset MIE 


Fig. 14 Master interrupt control register (MIC) 
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General Purpose Interface Bus Controller 


■ Description 

The LH8073 (GPIB73) is a microcomputer peri- 
pheral device used to control interface buses con- 
forming to IEEE Std. 488-1978* (will be termed 
simply “GPIB”) The GPIB is used extensively as a 
linkage bus between data gathering instrumentation 
devices and a microcomputer system. 

The LH8073 incorporates three functions of 
talker, listener and controller, all integrated in one 
chip. Using this device, the GPIB interface can be 
provided for various instrumentation equipment, 
personal computers and office computers. 

The LH8073 is applicable to a CPU bus where 
address and data are multiplexed. There is a com- 
plementary device LH8573 which is applicable for 
a CPU bus where address and data are not multi- 
plexed. 

*Note : The standard disclosed in IEEE Std. 
488-1978 “IEEE Standard Digital Inter- 
face for Programmable Instrumentation” 
issued by IEEE, U.S.A. 


■ Features 


■ Pin Connections 


+5V U 

' \ 

SRQ/REN IN 

PCLK U 

o 

1 REN/SRQ OT 

IEOH 


1 CONTI 

IEIH 


11 TE 

int H 


H ANT 

INTACK [I 


1 DAV 

DSE 
R/w GE 
AS U 
CS Qo 
GND [0 
WAIT H 
AD 7 III 


I NDAC 

II NRFD 

1 EOI 

1 CONT2 

E IFC IN 

U Ifc ot 

ID DIO s 

ADe E 


11 DIO 7 

AD 5 


1 DIO 6 

ad 4 m 


m DIO 5 

ad 3 m 


H DIO 4 

ad 2 m 


11 DIO 3 

ad i m 


1 DIO 2 

ado m 


ID DIO i 


V > 

Top View 


1. Built-in talker, listener and controller. Talker 
function, listener function and controller func- 
tion are integrated in one chip. 

2. Built-in buffer memory. Talker or listener can 
use 160 -byte on-chip buffer. 

3. EOI automatic transmission. Upon detection of 
the last byte of or EOS in talker mode, EOI sig- 
nal is transmitted automatically. 

4. EOS automatic detection. Upon reception of 
EOS in listener mode, the CPU is informed. 

5. Built-in timer. The bus time-out period for 
handshaking can be set by the on-chip timer in 
the range of 200 yWS-12 ms at 50 interval. 

6. Interrupt function. Daisy-chain type interrupt 
arbitration facility is provided, allowing vec- 
tored interrupt to CPU. 

7. Z-bus interface. 
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■ Block Diagram 
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Multi Task Support Processor 


■ Description 

The LH8075(MTSP75 )is the stand alone type 
multitask support processor providing multitask 
capabilities for any simple microcomputer system. 

The concept of this multitask processing is similar 
to a conventional real time OS (operating system). 

The devices perform task management (creating, 
deleting, etc.) independently of the master CPU, and 
carry out multitask processing for systems bus 
with arbitrary CPU architectures merely by con- 
necting to the system bus. 

User’s programs are scheduled on a priority or 
time-sliced basis. Tasks are switched by an inter- 
rupt caused by the LH8075, and commands are 
given to the LH8075 by writing parameters and 
command numbers in the specified register in the 
LH8075. 


■ Features 

1. Task management 

• Up to eight tasks can be controlled con- 
currently. By using the task creating and de- 
leting technique, a maximum of 255 tasks can 
be handled. 

• Tasks can be controlled on a priority basis by 
the assignment of 255 priority levels. 

2. Inter-task communication 

• Inter-task communication is possible using the 
“mail box” provided within the LH8075. 

• Inter-task synchronization is possible using 
the “mail box”. 

3. Built-in timer 

• Timers with ranges from 10ms to 255 hours 
can be used for time-sliced processes and 
checking I/O wait time. 

• These times can be set independently for each 
task. 

4. Bulit-in clock. Time (hours, minutes and 
seconds) can be set and read out. 

5. 20-bit general-purpose I/O port 

• Two 8-bit ports operable in bit input/output 

• 2 -bit input ports and 2 -bit output ports. 

• Tasks can be resumed using the 2-bit input 
ports. 

6. Memory assignment 

• Working memory areas can be assigned to 
each task. 


■ Pin Connections 


r \ 
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Top View 
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■ Block Diagram 



■ Pin Descri| 

ption 

Pin 

Meaning 

I/O 

Function 

ad 0 ~ad 7 

Address/data bus 

Bidirectional 

3 -state 

Multiplexed system address/data bus. 

AS 

Address strobe 

I 

Active low. Fetch information on address/data bus as 

address. 

DS 

Data strobe 

I 

Active low. Transact information on address/data bus 

as data. 

R/W 

Read/write 

I 

High at reading. Output contents of internal register on 
address/data bus ; Low at writing. 

Fetch data on address/data bus. 

CS 

Chip select 

i 

Active low. Chip selection signal 

WAIT 

Wait 

0 

Active low, open-drain. Used to synchronize CPU. 

INT 

Interrupt request 

0 . 

Active low, open-drain. Indicate interrupt request to 

CPU. 

INTACK 

Interrupt acknowledge 

I 

Active low. Indicate interrupt acknowledge cycle 

IEI 

Interrupt enable input 

I 

Active high. Used to form interrupt priority arbitration 
loop circuit (daisy chain). 

IEO 

Interrupt enable output 

0 

Active high. Used to form daisy chain. 

T3 

o 

i 

T3 

I/O port lines 

I/O 

Parallel input/output 

P2 0 ~P2 7 

I/O port lines 

I/O 

Parallel input/output 

P3 0 ~P3 3 

I/O port lines 

I/O 

Parallel input/output 

PCLK 

Clock 

1 

Single-phase clock, need not be same as CPU clock. 
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■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Input voltage 

V,N 

— 0.3 — 1~7 

V 

Output voltage 

VoUT 

-0.3- + 7 

V 

Operating temperature 

T 

■ x opr 

0 — P70 

°c 

Storage temperature 

^stg 

— 65 — h 150 

°c 


Output pin 

i O- 

under test 


50pF i 

Standard test load 1 I 


+ 5V 



■ DC Characteristics 


(V cc =5V + 5%, GND=0V, Ta = 0~ + 70°C) 


Parameter 

Symbol 

Conditions 

MIN. 

MAX. 

Unit 

Clock input high voltage 

Vch 


2.4 

Vcc 

V 

Clock input low voltage 

Vcl 


-0.3 

0.8 

V 

Input high voltage 

V,H . 


2 

V CC 

V 

Input low voltage 

V, L 


-0.3 

0.8 

V 

Output low voltage 

VoH 

Ioh = 250 /*A 

2.4 


V 

Output low voltage 

VoL 

Iol = 2mA 


0.4 

V 

Inptt leakage current 


0iV IN i5.25V 


10 

M 

Output leakage current 

UolI 

0^V in ^5.25V 


10 

M 

Current consumption 

Icc 



250 

mA 


■ AC Characteristics 

(1 ) Master CPU interface timing 


No. 

Symbol 

Parameter 

MIN. 

MAX. 

Unit 

Note 

1 

TrC 

Clock rise time 

! 

20 

ns 


2 

TwCh 

Clock pulse width, high 

105 


ns 


3 

TfC 

Clock fall time 


20 

ns 


4 

TwCl 

Clock pulse width, low 

105 


ns 


5 

TpC 

Clock period 

250 


ns 


6 

TsCS (AS) 

CS setup time to AS T 

0 


ns 

1 

7 

ThCS (AS) 

CS hold time from AS t 

60 


ns 

1 

8 

TsA (AS) 

Address setup time to AS f 

30 


ns 

1 

9 

ThA (AS) 

Address hold time from AS t 

50 


ns 

1 

10 

TwAS 

AS low pulse width 

70 


ns 


11 

TdDS (DR) 

Delay time from DS t to invalid 
readout data 

0 


ns 


12 

TdDS (DRz) 

Delay time from DS t to readout 
data floating 


70 

ns 

2 

13 

TdAS (DS) 

Delay time from AS t to DS 1 

60 

2095 

ns 


14 

TdDS (AS) 

Delay time from DS t to AS 1 

50 


ns 


15 

ThDW (DS) 

Written data hold time from DS t 

30 


ns 

1 

16 

TdDS (DR) 

Delay time from DS 1 to readout data 
settlement 



ns 

3 

17 

TdAz (DS) 

Delay time from address floating to DS i 

0 


ns 


18 

TwDS 

DS low pulse width 

390 


ns 


19 

TsRWR (DS) 

R/W high (read) setup time to DS 1 

100 


ns 


20 

TsRWW (DS) 

R/W low (write) setup time to DS 1 

0 


ns 


21 

TsDW (DSf) 

Written data setup time to DS i 

30 


ns 


22 

TdAS (W) 

Delay time from AS t to WAIT 1 


195 

ns 


23 

ThRW (DS) 

R/W hold time from DS t 

60 


ns 


24 

TsDR (W) 

Time from valid readout data to WAIT t 

0 


ns 



The reference voltage levels for timing measurement are 2.0 volts for ‘high’ ; 0.8 volt for ‘low’. All output paramaters are 
measured under the stated load conditions. 

Note 1: This does not apply to the interrupt acknowledge operation. 

Note 2: The Max. value of TdAS (DS) does not to the interrupt acknowledge operation. 

Note 3: The delay time depends on the status of LH8075 at the time of access by master CPU. 
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(2) Interrupt acknowledge timing 


No. 

Symbol 

Parameter 

MIN. 

MAX. 

Unit 

25 

TsIA (AS) 

INTACK setup time to AS t 

0 


ns 

26 

ThIA (AS) 

INTACK low hold time from AS t 

250 


ns 

27 

TdAS (DSA) 

Delay time from AS T to DS 1 
(acknowledge) 

940 


ns 

28 

TdDSA (DR) 

Delay time from DS 1 
(acknowledge) to vector settlement 


i 

360 

ns 

29 

TwDSA 

DS (acknowledge low pulse width 

475 


ns 

30 

TdAS (IEO) 

Delay time from AS t to IEO 


290 

ns 

31 

TdlEIf (IEO) 

Delay time from IEI to IEO 


120 

ns 

32 

TsIEI (DSA) 

IEI setup time to DS 1 (acknowledge) 

150 


ns 

33 

TdDS (INT) 

Delay time from DS i to INT t 


500 

ns 

34 

ThIEI (DS) 

IEI hold time from DS t 

100 


ns 




Interrupt acknowledge timing 


(3) Reset timing 


No. 

Symbol 

Parameter 

MIN. 

MAX. 

Unit 

Note 

1 

TdRDQ (WR) 

Delay time from DS t 

(for suppressing reset) to AS 1 

40 


ns 


2 

TdWRQ (RD) 

Delay time from AS t 

(for suppressing reset) to DS 1 

50 


ns 


3 

TwRES 

Minimum low width of AS and DS 
(for resetting) 

250 

! 

ns 

1 


Note 1: The internal reset signal lags 1/2 to 2 clocks behind external reset conditions. 


AS 

DS 


Reset timing 
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(4) Handshaking timing 


No. 

Symbol 

Parameter 

MIN. 

MAX. 

Unit 

Note 

1 

TsDI (DA) 

Data setup time 

0 


ns 


2 

ThDA (DI) 

Data hold time 

230 


ns 


3 

TwDA 

DAV width 

175 


ns 

1,2 

4 

TdDAL (RY) 

Delay time from DAV low to RDY 

20 

175 

ns 

1,2 

0 


ns 

2,3 

5 

TdDAH (RY) 

Delay time from DAV high to RDY 


150 

ns 

1,2 

0 


ns 

2,3 

6 

TdDO (DA) 

Delay time from data output to DAV 

50 


ns 

2 

7 

TdRY (DA) 

Delay time from RDY to DAV 

0 

205 

ns 

2 


Note 1: Input handshaking 

Note 2: Measured under the stated load conditions. 
Note 3: Output handshaking 


Data input 
DAV input 
RDY output 



Data output 
DAV output 
RDY input 


* 


Valid output data 
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Serial port timing 


■ Basic Specifications 

Table 1 LH8075 basic specifications 


Parameter 

Performance 

Task control function 


Number of tasks registered 

Max. 255; task number: hex 01-FF 

Number of tasks controlled 

simultaneously 

Max. 8 

Priority level 

Max. 255; priority level: hex 01-FF 

Mail box 

Max. 5; mail box number: hex 01-05 

Unit clock 

10 ms 

Scheduling 

Priority order or time division; Task is switched by interrupt from LH8075. 

Memory allocation 

User’s RAM is segmented in units of hex 100 bytes; Arbitrary area ranging 
hex 0000-FFFF can be controlled. 

Clock function 

Time (hour, minute, second) setting and readout 

Parallel data input/output function 

Two 8-bit I/O ports and one 4-bit I/O port 
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■ Registers 

The LH8075 has the following registers which 
can be accessed externally (from CPU). 

(1) Task control 

CPIO (Command parameter register) 

This register writes the writing parameter pre- 
vious to command writing. The readout parameter 
is placed in CPIO upon completion of command ex- 
ecution. 

CNST(Command/status register) 

This register is used to write a command. Ex- 
ecution information of executed command is placed 
in CNST upon completion of command execution. 
SPN1, SPN2 (New task stack pointer registers) 

At occurrence of interrupt for task switching, 
execution starting address information for the new 
task is placed in this register. 

SPB1, SPB2 (Old task stack pointer registers) 

At occurrence of interrupt for task switching, 
execution end address information for the executed 
task is written in this register. 

MIC (Master CPU interrupt control register) 

Interrupt related parameters including interrupt 
enable (IE), interrupt pending (IP) and interrupt- 
under-service (IUS) bits are set or reset in this 
register. 

(2) I/O ports 

P1D, P2D, P3D (port 1, 2, 3 data registers) 
These registers are used to transact data via 
port 1, port 2, and port 3. 

Table 2 lists the register addresses. 


Teble 2 Register address 


Register 

Address 

P1D 

xxooooix 

P2D 

X X00010X 

P3D 

XX00011X 

CNST 

XX00110X 

SPN1 

XX00111X 

SPN2 

x xoiooox 

SPB1 

xxoiooix 

SPB2 

XX01010X 

CPIO 

XX10101X 

MIC 

XX11110X 


Note 1: Bits marked by ‘x’ may be either ‘0’ or ‘1’. 

Note 2: LH8075 uses 64 input/output address locations. 



(1) Task in execution releases CPU. 

(2) O Higher ranking task becomes ready. 
O Time-up by time division 

O TNXT 


Fig. 1 Task status 


MIC 


d 7 

De 

d 5 

d 4 

1 D3 

D 2 

r Dp 

Do 1 


At writing * 


Undefined at reading/“0” at writing 
Disabled lower chaining (DLC) 

0 (unused) 

Non -vector (NV) 

Interrupt pending (IP) 

Interrupt under service (IUS) 
Interrupt enable (IE) 


0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

1 

0 

0 

1 

0 

1 

1 

1 

0 

1 

1 

1 


Writing to D 2 and D 4 
Reset IP and IUS 
Set IUS 
Reset IUS 
Set IP 
Reset IP 
Set IE 
Reset IE 


* : IP, IUS and IE bits are set or reset by writing in 
these codes. 


Fig. 2 MIC bit configuration 
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■ Programming 

The following describes the task control proce- 
dure using LH8075. 

(1) Initialization 

(1) The LH8075 causes interrupt for task swi- 
tching 

However, in order to process, a separate inter- 
rupt processing routine must be prepared. 

(2) Each task is provided with a stack area. 


Task starting address and initial values for all reg- 
isters are written at the top of each stack area. 

(3) LH8075 is initialized. Table 3 lists the in- 
itialization information to be written in LH8075. 

(4) When necessary, the clock is set and the 
port mode is specified. 

(5) Initialization completed. To transfer control 
from the initialization routine to a task, the task ex- 
ecution command (TSTR) must be executed. 


Table 3 System information registered at initialization 


Order 

Item 

Contents 

1 

Vector 

LH8075 interrupt vector for task switching 

2 

RAM table 

User RAM start address (high order byte) 

3 

User RAM end address (high order byte) 

4 



Task number (hex 01 -FF) 

5 


Task 

Priority level (hex 01 -FF) 

6 


1 

Task stack pointer (high order or low order byte) 

7 



Task stack pointer (low order or high order byte 


Task table 



4n 



Task number (hex 01 -FF) 

4n + 1 


Task 

Priority level (hex 01 -FF) 

4n + 2 


n 

Task stack pointer (high order or low order byte) 

4n + 3 



Task stack pointer (low order or high order byte) 


(2) Command execution 

Table 4 lists the commands of LH8075, and 
Table 5 lists the command execution information. 
In writing commands into LH8075 the following 
data entry procedure applies. 

(1) Write parameters needed in writing com- 
mand into CPIO in the order shown in Table 4. 
Commands with blank parameter field in Table 4 
do not require writing 

(2) Write the command number in CNST. - 

(3) It is necessary to confirm the completion of 
command execution by polling D 7 in CNST (D 7 be- 
comes “1” upon completion of command execution). 


For commands without readout parameter, proce- 
dure is completed and the following procedures are 
unnecessary. Commands with readout parameter 
(CGET, MALC and PEND) further require the fol- 
lowing procedures. 

(4) When D 6 =l in CNST (indicating the readout 
parameter is prepared in CPIO), parameter is read 
out from CPIO. 

(5) Upon completion of parameter readout, 
PRME command must be executed to notify 
LH8075 of the parameter readout completion. 

(6) Wait until CNST D 7 becomes “1” to confirm 
the completion of command execution. 
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Table 4 Command table 


No. 

Command name 

Function 

Writing parameter 

Readout parameter 

Remarks 

00 H 

INIT 

LH8075 initialization 

1. Total number of tasks 



01 h 

TSTR 

Termination of LH8075 

initialination and start of 

task execution 




02 h 

TCRT 

Task creation 

1. Task number 

2. Priority level 

3. SP (high order or low 

order byte) 

4. SP (low order or high 

order byte) 



03 h 

TDEL 

Task deletion 

1. Task number 



04 h 

TRSM 

Task resumption 

1. Task number 



05 h 

TSPD 

Task suspension 

1. Task number 

2. control switch 


See 

paragraph(l) 

06 h 

TPRI 

Task priority change 

1. Task number 

2. New priority 



07 h 

TSLI 

Task time-slicing process 

1. Priority 

2. Time base 

3. Count 


See 

paragraph(2) 

08 h 

TNXK 

Swapping of task during 
time-sliced execution 




09h 

TIMR 

Timer setting 

1. control code 

2. Count 


See 

paragraph(3) 

OA„ 

CSET 

Clock setting 

1. Hour 

2. Minute 

3. Second 



OB„ 

CGET 

Clock readout 


1. Hour 

2. Minute 

3. Second 

* 

OC H 

MALC 

Memory allocation 

1. Number of memory 
blocks required 

1. Allocated memory 
address 

* 

OD„ 

MREL 

Memory release 




OE„ 

POST 

Message transmission 

1. Mail box number 

2. Message data 1 

3. Message data 2 

4. Message data 3 

5. Message data 4 


See 

paragraph(4) 

OFji 

PEND 

Message reception 

l.-Mail box number 

1. Message data 1 

2. Message data 2 

3. Message data 3 

4. Message data 4 

* 

10 H 

PMOD 

Port mode setting 

1. Port-1 mode 

2. Port- 2 mode 

3. Port-3 mode 


See 

paragraph(5) 

1 1 H 

PRME 

End of parameter readout 





Note 1: Commands marked by require PRME command execution at parameter readout completion. 

Note 2: Numerals given in ‘writing parameter’ and ‘readout parameter’ indicate the order of writing and reading. 
Note 3: Numerals in ‘remarks’ indicate the reference number of supplementary explanation. 
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Table 5 Command execution information 


Code 

Command 

name 

Execution 

Code 

Command 

name 

Execution 

X 

o 

o 

INIT 

0 Normal termination 

1 Task number or priority setting error 

2 Double specification of same task 

number 

3 Total number of tasks equal to 0 or 
larger than 8, Initialized information 
error, RAM table error 

06 h 

TPRI 

0 Normal termination 

1 Task number or priority setting error 

2 Specified task not yet created 

07 h 

TSLI 

0 Normal termination 

1 Priority error or data error 

5 Cancellation without setting 

X 

OO 

o 

TNXT 

0 Normal termination 

oi H 

TSTR 

0 Normal termination 

3 Initial information not yet set 

09„ 

TIMR 

0 Normal termination 

1 Data error 

5 Cancellation without setting 

8 Resuming by TRSM 

02 h 

TCRT 

0 Normal termination 

1 Task number or priority setting error 

2 Already created 

3 Control tasks more than 8 

oa h 

CSET 

0 Normal termination 

1 Data error 

03 h 

TDEL 

0 Normal termination 

1 Task number error 

2 Specified task not yet created 

4 Specify self 

0B h 

CGET 

0 Normal termination 

0C„ 

MALC 

0 Normal termination 

6 Allocation disabled 

0D„ 

MREL 

0 Normal termination 

5 Memory not yet allocated 

04 h 

TRSM 

0 Normal termination 

1 Task number error 

2 Specified task not yet created 

4 Specify self 

5 Specification of task in ready status 

0E„ 

POST 

0 Normal termination 

1 Mail box number error or message 

data error 

7 Mail box busy 

05„ 

TSPD 

0 Normal termination 

1 Task number or control switch num- 
ber error 

2 Specified task not yet created 

3 Control switch setting error 

5 Specification of task in halt staus 

0F„ 

PEND 

0 Normal termination 

1 Mail box number error 

8 TRSM command issued by other task 
or time out 

io„ 

PMOD 

0 Normal termination 

Hh 

PRME 

0 Normal termination 


■ Supplement for writing parameter 

(l) 2. Control switch 


uEj 

1 1)6 

D 5 

1 ° 4 

D 3 

d 2 

Di 

D° | 


Control switch 

0 • Bring to complete stop 

1 ^ Halt until external event 1 (fall of P3i) 

2 I Halt until external event 2 (fall of P3o) 


[2] 2. Time base 



De 

D 5 

d 4 

° 3 

D 2 

Di 

D° | 


Time base 

0 • Hour 

1 • Minute 

2 ' Second 

3 : 1/100 second 

4 or above I Cancellation 


432 


SHARP 




Multi Task Support Processor 


LH8075 


[3] 1. Control code 


2. Count 


D 7 


De 


D 5 


D 4 


d 3 


d 2 


Di 


Do 


-Time base 

0 ^ Hour 

1 I Minute 

2 * Second 

3 *• 1/100 second 

4 or above * Cancellation 

- Unused 

- Wait switch 

0 : Wait 

1 • Time out period setting only 


d 7 

De 

Ds 

D 4 

d 3 

d 2 

Di 

ED 



-Count (Count multiplied by time base 
becomes setup time) 


[ 4 ) 2. Only in message data 1, ‘0’ is not allowed. 

(5) 1. Port-1 mode 



El 

I De 

EE 

d 4 

T~d7 

T~d7 

EE 

ED 

2. Port- 2 mode 

1 

( 


d 7 

De | 

1 Ds 1 

d 4 

| d 3 

_D^ 

Di 

Do 1 



1 

3. Port-3 mode 


1 

d' 7 

De 1 


D 4 1 

D 3 1 

d 2 | 

Di Do 


Port l bit I/O definition 


Port -2 bit I/O definition 
(1 for input; 0 for output) 


r 


Port 2 ’ Push -pull /open -drain 
-Port 1 * Push-pull/open drain 

- P3i * External event 1 input 
-P3o ^ External event 2 input 

- Port -1 handshaking 
= DAV1/RDY1\ 

2 = RDY1/DAVT/ 

■ Port -2 handshaking 

/P3o = DAV2/RDY2\ 


/P3i 

\P3 2 


\P3 3 = RDY2/DAV2/ 


-Unused 
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I uonon/l UQnOnA Z8090/Z8090A Universal 
LrlOU^U/ LnOU^/UA Peripheral Controller 


■ Description 

The LH8090 Universal Peripheral Controller 
(UPC) is an intelligent peripheral controller for dis- 
tributed processing applications. The LH8090 
unburdens the host processor by assuming tasks 
traditionally done by the host (or by added hard- 
ware), such as performing arithmetic, translating 
or formatting data, and controlling I/O devices. 
Based on the Z8 microcomputer architecture and 
instruction set, the LH8090 contains 2K bytes of 
internal program ROM, a 256-byte register file, 
three 8-bit I/O ports, and two counter/timers. 

The LH8090 offers fast execution time; an effec- 
tive use of memory; and sophisticated interrupt, 1/ 
0, and bit manipulation. Using a powerful and ex- 
tensive instruction set combined with an efficient 
internal addressing scheme, the LH8090 speeds 
program execution and efficiently packs program 
code into the on-chip ROM. 


■ Features 

1. Complete slave microcomputer, for distributed 
processing Z-bus use 

2. Unmatched power of Z8 architecture and in- 
struction set 

3. Three programmable I/O ports, two with option- 
al 2 -Wire Handshake 

4. Six levels of priority interrupts from eight 
sources: six from external sources and two 
from internal sources 

5. Two programmable 8-bit counter/timers each 
with a 6-bit prescaler. Counter/Timer TO is 
driven by an internal source, and Counter/ 
Timer T1 can be driven by internal or external 
sources. Both counter/timers are indepen- 
dent of program execution 

6. 256-byte register file, accessible by both the 
master CPU and LH8090, as allocated in the 
LH8090 program 

7. 2K bytes of on-chip ROM for efficiency and 
versatility 


■ Pin Connections 



r \ 

+ 5V [T 


40] P3i 

PCLK (T 

0 

39] P3e 

IE0/P3? [7 


38] P2? 

IEI/P3o [T 


37| P2e 

INT/P35 [7 


36] P2s 

INTACK /P32 Q[ 


35| P2 4 

D3 |T 


34] P2 3 

R/W OE 


H P2 2 

AS Q[ 


D P2i 

CS Qo 


m P2o 

GND [n 


30| P3s 

WAIT m 


11 P3i 

AD? m 


H PI? 

ADe E 


13 Pl 6 

ADs E 


D Pis 

AD, E 


m pi 4 

ADs E 


1 Pis 

ADs E 


11 Pl2 

ADi EH 


m Ph 

ADo G° 


m pio 

Top View 
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■ Block Diagram 



■ Pin Description 


Pin 

Meaning 

I/O 

Function 

AD 0 AD 7 

Address data bus 

Bidirectional 

Multiplexed system address/data bus. 

AS 

Address strobe 

I 

Active low. Causes information on the address/data bus 
to be fatched as address 

DS 

Data strobe 

I 

Active low. Causes information on the address/data bus 

to be sent/ received as data 

R/W 

Read/write 

I 

A high level indicates a read cycle : Data is output from 
the internal register to the address/data bus. A low 
level indicates a write cycle : Data is fetched from the 
address/data bus. 

CS 

Chip select 

I 

Active low, Chip select signal. 

WAIT 

Wait 

0 

Active low, open-drain. For synchronizaion with the 
CPU. 

Pl0~Pl7 

I/O port lines 

I/O 

Parallel I/O 

P2q-P2 7 

I/O port lines 

I/O 

Parallel I/O 

P3 0 ~P3 7 

I/O port lines 

I/O 

Parallel I/O (4-bit input, 4-bit output) 

PCKL 

Clock 

I 

Signal-phase clock, not need to be related to the CPU 
clock. 
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■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Input voltage * 

VlN 

— 0.3 — F7.0 

V 

Output voltage* 

VOUT 

-0.3- + 7.0 

V 

Operating temperature 

Topr 

0 — H70 

' °c 

Storage temperature 

Tstg 

—65 — 1-150 

°c 


* The maximum applicable voltage on any pin except for V BB , with respect to GND. 


■ Standared Test Conditions 

The characteristics below apply for the follow- 4.75V^V CC ^5.25V 

ing standard test conditions, unless otherwise Vss— GND=0V 

noted. All voltages are referenced to GND. Positive 0°C=Ta=T70°C 

current flows into the reference pin. Standard con- 
ditions are as followes . 


+ 5 V 



+ 5 V 
f 18kO 

F rom output O 

under test 

50pF 

Standard test load 2 


■ DC Characteristics (V CC =5V±5%, Ta=0~+7(TC) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP 

MAX. 

Unit 

Note. 

Clock input high voltage 

Vch 


2.4 


Vcc 

V 


Clock input low voltage 

VCL 


-0.3 


0.8 

V 


Input high voltage 

VlH 


2.0 


Vcc 

V 


Input low voltage 

VlL 


-0.3 


0.8 

V 


Output high voltage 

VOH 

Ioh = — 250^A 

2.4 



V 

1 

Output low voltage 

VOL 

I 02 — -f 2.0mA 



0.4 

V 

1 

Input leakage current 

|Iil| 

O s VlN s 5.25V 



10 

M 


Output leakage current 

|Iol| 

O S Vin S 5.25V 



10 

M 


Vcc supply current 

Icc 




250 

mA 



Note 1: For Ao-A n , D 0 -D 7 , MDS, SYNC, MAS, and MR/W/IACK of the device for 64-pin development, Io H = 100 ju A and Iql 1mA 
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■ AC Characteristics 


(1) Master CPU interface timing 


No. 

Symbol 

Parameter 

LH8090 

LH8090A ! 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

1 

TrC 

Clock rise time 


20 


15 

ns 


2 

TwCh 

Clock high width 

105 

1855 

70 

1855 

ns 


3 

TfC 

Clock fall time 


20 


10 

ns 


4 

TwCl 

Clock low width 

105 

1855 

70 

1855 

ns 


5 

TpC 

Clock period 

250 

2000 

165 

2000 

ns 


6 

TsCS(AS) 

CS to AS t setup time 

0 


0 


ns 

1 

7 

ThCS(AS) 

CS to AS t hold time 

60 


40 


ns 

1 

8 

TsA(AS) 

Address to AS t setup time 

30 


10 


ns 

1 

9 

ThA(AS) 

Address to AS t hold time 

50 


30 


ns 

1 

10 

TwAS 

AS low width 

70 


50 


ns 


11 

TdDS(DR) 

DS t to read data not valid 

0 


0 


ns 


12 

TdDs(DRz) 

DS t to read data float delay 


70 


45 

ns 

2 

13 

TdAS(DS) 

AS t DS i delay 

60 

2095 

40 

2095 

ns 


14 

TdDS(AS) 

DS t AS i delay 

50 


35 


ns 


15 

ThDW(DS) 

Write data to DS t hold time 

30 


20 


ns 

1 

16 

TdDS(DR) 

DS i to read data valid delay 





ns 

3 

17 

TdAz(DS) 

Address float to DS delay 

0 


0 


ns 


18 

TwDS 

DS low width 

390 


250 

1 

ns 


19 

TsRWR(DS) 

R/W(read) to DS i setup time 

100 


80 


ns 


20 

TsRWW(DS) 

R/W(write) to DS l setup time 

0 


0 


ns 


21 

TsDW(DSf) 

Write data to DS 1 setup time 

30 


20 

" j 

ns 


22 

TdAS(W) 

AS f to WAIT l valid delay 


195 


160 

ns 


23 

ThRW(DS) 

R/W to DS t hold time 

60 


40 


ns 


24 

TsDR(W) 

Read data valid to WAIT t 

0 


0 


ns 



Note : The timing characteristics given reference 2.0V as High and 0.8V as Low. 


All output AC parameters use test load 1 . 

Note 1: Parameter does apply to interrupt acknowledge transactions. 

Note 2: The maximum value for TdAS (DS) does not apply to interrupt acknowledge transcations. 
Note 3: This parameter is dependent on the state of UPC at the time of master CPU access. 
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PCLK 


cs 


ADo - AD7 
MASTER CUP 
READ 

AS 


DS 


R/W 

(WRITE) 

R/W 

(READ) 

ADo~ AD7 
MASTER CPU 
WRITE 

WAIT 



Master CPU interface timing 
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(2) Interrupt acknowledge timing 


No. 

Symbol 

Parameter 

LH8090 | 

LH8090A | 

Unit 

MIN. 

MAX. 

MIN. 

MAX. 

25 

TsIA(AS) 

INTACK to AS t setup time 

0 


0 


ns 

26 

ThlA(AS) 

INTACK to AS t hold time 

250 


250 


ns 

27 

TdAS(DSA) 

AS t to DS 1 (acknowledge) delay 

940 


200 


ns 

28 

TdDSA(DR) 

DS i (acknowledge) to read data valid delay 


360 


180 

ns 

29 

TwDSA 

DS i (acknowledge) low width 

475 


250 


ns 

30 

TdAS(IEO) 

AS t to IEO delay 


290 


250 

ns 

31 

TdlEIf(IEO) 

IEI to IEO delay 


120 


100 

ns 

32 

TsIEI(DSA) 

IEI to DS i (acknowledge) setup time 

150, 


120 


ns 

33 

TdDS(INT) 

DS 1 to INT delay 


500 


500 

ns 

34 

ThlEI(DS) 

IEI to DS t hold time 

100 


100 


ns 


ADo~ AD7 


INTACK 

AS 

DS 

I El 

IEO 

INT 


Undefined 


® 

-A 

r 

\ 





X 


X 


x 


X 


X 


^ Vector 




ir 


3c 


Interrupt acknowledge timing 
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(3) Handshake timing 


No. 

Symbol 

Parameter 

| LH8090 

' LH8090A I 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

1 

TsDI(DA) 

Data in setup time 

0 


' ' ° 


ns 


2 

ThDA(DI) 

Data in hold time 

230 


230 


ns 


3 

TwDA 

Data available width 

175 


175 


ns 

1,2 

4 

TdDAL(RY) 

Data available low to ready delay time 

20 

175 

20 

175 

ns 

1,2 

0 


o 


ns 

2,3 

5 

TdDAH(RY) 

Data available high to ready delay time 


150 


150 

ns 

1,2 

0 


0 


ns 

2,3 

6 

TdDO(DA) 

Data out to data available delay time 

50 


50 


ns 

2 

7 

TdRY(DA) 

Ready to data available delay time 

0 

205 

0 

205 

ns 

2 


Note 1: Input handshake Note 2: Test load 1 Note 3: Output handshake 



DATA OUT 


Data out valid 


,e= 


Port write 


DAV OUTPUT ^ 

I^J 

[ . J 

c 

[ T 

IV 

i~r 

/ 

RDY INPUT 

■* ® — V 


Output handshake timing 
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■ Functional Description 

(1) Address space 

On the 40-pin UPC, all address space is com- 
mitted to on-chip memory. There are 2048 bytes 
of mask programmed ROM and 256 bytes of 
register file. I/O is memory-mapped to three 
registers in the register file. Only the Protopack 
version of the UPC can access external program 
memory. See the section entitled “Special Con- 
figurations” for a complete description of the 
Protopack version. 

Program memory : Fig. 1 is a map of the 2K 
on-chip program ROM. The first 12 bytes of 
program memory are reserved for the LH8590 
interrupt vectors. In the RAM version addres- 
ses 0CH through 2FH are reserved for on-chip 
ROM. 

Register file: This 256-byte file includes 
three I/O port registers (1-3H), 234 general- 
purpose registers (6H-EFH), and 19 control, 
Status and special I/O registers (0H,4H,5H and 
F0-FFH). The functions and mnemonics assigned 
to these register address locations are shown in 
Fig. 1. Of the 256 UPC registers, 19 can be di- 
rectly accessed by the master CPU; the others 
are accessed indirectly via the block transfer 
mechanism. 

The I/O port and control registers are in- 
cluded in the register file without differentia- 
tion. This allows any UPC instruction to pro- 
cess I/O or control information, thereby elimi- 
nating the need for special I/O and control in- 


USER 

ROM 

1 O LOCATION OF FIRST BYTE OF INSTRUCTION 

1 EXECUTED AFTER RESET 


11 

IRQ 5 LOWER 

BYTE 

10 

IRQ 5 UPPER 

BYTE 

9 

IRQ 4 LOWER 

BYTE 

8 

IRQ 4 UPPER 

BYTE 

7 

IRQ 3 LOWER 

BYTE 

6 

IRQ 3 UPPER 

BYTE 

5 

IRQ 2 LOWER 

BYTE 

4 

IRQ 2 UPPER 

BYTE 

3 

IRQ 1 LOWER 

BYTE 

2 

IRQ 1 UPPER 

BYTE 

1 

IRQ 0 LOWER 

BYTE 

0 

IRQ 0 UPPER 

BYTE 


Fig 1 Program memory map 


structions. All general-purpose registers can 
function as accumulators, address pointers, or 
index registers. In instruction execution, the 
registers are read when are defined as sources 
and written when defined as destinations. 

UPC instructions may access registers direct- 
ly or indirectly using an 8-bit address mode or 
a 4 -bit address mode and a Register Pointet. 
For the 4-bit addressing mode, the file is di- 
vided into 16 working register groups, each 
occupying 16 contiguous locations (Fig. 3). The 
Register Pointer (RP) addresses the starting 
point of the active working-register group, and 
the 4 -bit register designator supplied by the in- 
struction specifies the register within the group. 
Any instruction altering the contents of the reg- 
ister file can also alter the Register Pointer. The 
UPC instruction set has a special Set Register 

IDENTIFIER 


LOCATION (UPC Side) 


FFh 

STACK POINTER 

SP 

FEh 

MASTER CUP INTERRUPT CONTROL 

MIC 

FDh 

REGISTER POINTER 

RP 

FCh 

PROGRAM CONTROL FLAGS 

FLAGS 

FBh 

UPC INTERRUPT MASK REGISTER 

IMR 

FA h 

UPC INTERRUPT REQUEST REGISTER 

IRQ 

F9h 

UPC INTERRUPT PRIORITY REGISTER 

IPR 

F8 h 

PORT 1 MODE 1 

PI M 

F7h 

PORT 3 MODE 

P3M 

F6h 

PORT 2 MODE 

P2M 

F5h 

To PRESCALER 

PRE0 

F 4 h 

TIMER /COUNTER 0 

TO 

F3h 

T i PRESCALER 

PRE1 

F2h 

TIMER/COUNTER 1 

T1 

F 1 h 

TIMER MODE 

TMR 

FOh 

MASTER CPU INTERRUPT VECTOR REG. 

MIV 

EF h 

GENERAL-PURPOSE 

REGISTERS 


6h 



5h 

DATA INDIRECTION REGISTER 

DIND 

4 H 

LIMIT COUNT REGISTER 

LC 

3h 

PORT 3 

P3 

2h 

PORT 2 

P2 

1 H 

PORT 1 

PI 

Oh 

DATA TRANSFER CONTROL REGISTER 

DTC 


Fig 2 Register file organization 
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FFh 



*1 : The 4 -bit register pointer provides the upper nibble of the 
register file address for the 4 -bit address mode. 

*2 : The lower nibble of the register file address (0101) is pro- 
vided by the instruction. 

Fig. 3 Register pointer mechanism 

Pointer (SRP) instruction for initializing or alte- 
ring the pointer contents. 

Stacks : An 8 -bit stack Pointer (SP), register 
R255, is used for addressing the stack, residing 
within the 234 general-purpose regisgers, address 
location 6H through EFH. 

PUSH and POP instructions can save and restore 
any register in the register file on the stack. During 
CALL instructions, the Program Counter is auto- 
matically saved on the stack. During UPC interrupt 
cycles, the Program Counter and the Flag register 
are automatically saved on the stack. The RET and 
IRET instructions pop the saved values of the 
Program Counter and Flag register. 

(2) Ports 

The LH8090 has 24 lines dedicated to input and 
output. These are grouped into three ports eight 
lines each and can be configured under software 
control as inputs, outputs or special control sig- 
nals. 

They can be programmed to provide Parallel I/O 
with or without handshake and timing signals. 

All outputs can have active pullups and pull- 


downs, compatible with TTL loads. In addition, 
Port 1 and Port 2 may be configured as opendrain 
outputs. Data in each port can be known by reading 
a corresponding Port Mode register in the same 
way as accessing the register. 

Port 1: Individual bits of port 1 can be confi- 
gured as input or output. This port can also be 
programmed as I/O Handshake Line. This port is 
accessed as general register 1H. It is written by 
specifying address 1H as the destination of any in- 
struction used to store data in the output registers. 
The port is read by specifying address 1H as the 
source of an instruction. 

Port 2: Individual bits of Port 2 can be confi- 
gured as inputs or outputs. This port is accessed as 
general register 2H, and its functions and methods 
of programming are the same as those or Port 1. 

Port 3: This port can be configured as I/O or 
control lines. Port 3 is accessed as general register 
3H. The directions of the eight data lines are fixed. 
Four lines, P3o through P33, are inputs, and the 
other four, P34 through P37, are outputs. The con- 
trol functions performed by Port 3 are listed in 
Table 1. 


Table 1 Port 3 control functions 


Function 

Line 

I/O 

signal 


P3i 

I 

DAV 2 /RDY 2 

Handshake 

P3s 

I 

0 

DAV 1 /RDY 1 

P3 4 

RDY 1 /DAV 1 


P3e 

0 

RDY 2 /DAV 2 

UPC Interrupt 

P3o 

I 

I 

IRQs 

P3i 

IRQ 2 

Request 

P3s 

I 

IRQi 


P3! 

I 

Tin 

Counter/Timer 


P3e 

0 

Tout 


P3s 

0 

Int 

Master CPU 

P3 2 

I 

INTACK 



P3o 

I 

IEI 


P3v 

0 

IEO 


* P3o, P3i, and P33 can always be used as UPC interrupt re- 
quest inputs, regardless of the configuration programmed. 


(3) Counter/timers 

The LH8090 contains two 8~bit programmable 
counter/timers, each driven by an internal 6~bit 
programmable prescaler. 

The T1 prescaler can be driven by internal or 
external clock sources. The TO prescaler is driven 
by an internal clock source. Both counter/timers 
operate independently of the processor instruction 
sequence to relieve the program from time-critical 
operations like event counting or elapsed-time cal- 
culation. 
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The counters can be started, stopped, restarted 
to continue, or restarted from the initial value. 
They can be programmed to stop upon reaching 
end-of-count (Single-Pass mode) or to automatical- 
ly reload the initial value and continue counting 
(Modulo-n Continuous mode). 

(4) Interrupts 

The LH8090 allows six interrupts from eight 
different sources as follows: 

• Port 3 lines P3o, P3i, and P3s. 

• The master CPU (3). 

• The two counter/timers. 

These interrupts can be masked and globally en- 
abled or disabled. The order of their priority can 
be specified. All interrupts are vectored. 

Table 2 lists the LH8090’s interrupt sources, 
their types, and their vector locations in program 
ROM. 

The LH8090 also supports polled systems. 

To acommodate a polled structure, any or all of 
the interrupt inputs can be masked and the inter- 
rupt request register polled to determine which of 


the interrupt request needs service. 

(5) Master CPU register file access 

There are two ways in which the master CPU 
can access the LH8590 register file: direct access 
and block access. 

Direst Access: Three LH8090 registers — the 
Data transfer Control, the Master Interrupt Vector, 
and the Master Interrupt Control — are mapped 
directly into the master CPU address space. 

The registers can directly be accessed in 16 
bytes. 

Block Access: The master CPU may be trans- 
mit or receive blocks of data via address XXX 
10101 (XXIOlOIXfor shift address). When the 
master CPU accesses this address, the LH8090 
register pointed to by the Data Indirection register 
(DIND) is read or written. 

The number of bytes is set in the Limit Count 
register (LC). The LH8090 controls everything in 
the block transfer and is therefore allowed to pro- 
tect itself from master CPU errors. 


Table 2 Interrupt types, sources, and vector locations 


Name 

Source 

Vector Location 

Comments 

IRQ0 

EOM, XERR, LERR 

0, 

1 

Internal (R0 Bits 0, 1, 2) 

IRQ1 

DAV1, IRQ1 

2, 

3 

External (P33) I edge triggerd 

IRQ2 

DAV2, IRQ2, Tin 

4, 

5 

External (P3i) 1 edge triggerd 

IRQ3 

IRQ3, IEI 

6, 

7 

External (P3o) i edge triggerd 

IRQ4 

TO 

8, 

9 

Internal 

IRQ5 

T1 

10, 

11 

Internal 
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■ Instruction 

(1 ) Addressing modes 

The following notation is used to describe the 
addressing modes and instrucion operations. 

IRR Indirect register pair or indirect work- 

ing-register pair address 
Irr Indirect working-register pair only 

X Indexed address 

DA Direct address 

RA Relative address 

IM Immediate 

R Register or working-register address 

r Working-register address only 

IR Indirect-register or indirect working- 

register address 

Ir Indirect working-register address only 

RR Register pair or working-register pair 

address 

(2) Symbol 

dst Destination location or contents 

src Source location or contents 

cc Condition code (see list) 

@ Indirect address prefix 7 

PC Program Counter 

SP Stack Pointer (control register FFH) 

FLAGS Flag register (control register FCH) 

RP Register Pointer (control register FDH) 


IMR Interrupt mask register (control regis- 
ter FBH) 

Assignment of a value is- indicated by the sym- 
bol For example, 

dst «— dst + src 

indicates that the source data is added to the des- 
tination data and the result is stored in the des- 
tination location. The notation “addr(n)” is used to 
refer to bit “n” of a given location. For example, 
dst (7) 

refers to bit 7 of the destination operand. 

(3) Flags 

Control Register FCH contains the following six flags: 

C Carry flag 

Z Zero flag 

S Sign flag 

V Overflow flag 

D Decimal-adjust flag 

H Half-carry flag 

Affected flags are indicated by: 

0 Cleared to zero 

1 Set to one 

* Set or cleared according to operation 

— Unaffected 

X Undefined 

(4) Condition codes 

Table 3. shows condition codes. 


Table 3 Condition codes 


Value 

Mnemonic 

Meaning 

Flags set 

1000 


Always true 


0111 

C 

Carry 

C = 1 

1111 

NC 

No carry 

c=o 

0110 

Z 

Zero 

Z = 1 

1110 

NZ 

Not zero 

z=o 

1101 

PL 

Plus 

s=o 

0101 

MI 

Minus 

S=1 

0100 

OV 

Overflow 

V=1 

1100 

NOV 

No overflow 

v=o 

0110 

EQ 

Equal 

Z = 1 

1110 

NE 

Not equal 

z=o 

1001 

GE 

Greater than or equal 

(S XOR V)=0 

0001 

LT 

Less than 

(S XOR V)=l 

1010 

GT 

Greater than 

[Z OR(S XOR V)] =0 

0010 

LE 

Less than or equal 

(Z OR(S XOR V)] = 1 

mi 

UGE 

Unsigned greater than or equal 

c=o 

0111 

ULT 

Unsigned less than 

C=1 

1011 

UGT 

Unsigned greater than 

(C=0 AND Z = 0)=1 

0011 

0000 

ULE 

Unsigned less than or equal 

Never true 

(C OR Z)= 1 
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LH8090/LH8090A 


(5) Opcode Map 


Lower Nibble (Hex) 

0 1 2345 67 89ABCDEF 



0 

6,5 

DEC 

Ri 

6,5 

DEC 

IRi 

6,5 

ADD 

ri, r 2 

6,5 

ADD 

ri, Ir 2 

10,5 

ADD 

R 2 , Ri 

10,5 

ADD 

IR 2 , Ri 

10,5 

ADD 

Ri, IM 

10,5 

ADD 

IRi, IM 

6,5 

LD 

r,, R 2 

6,5 

LD 

r 2 , R, 

12/10,5 

DJNZ 

r,, RA 

12/10,0 

JR 

cc, RA 

6,5 

LD 

n, IM 

12/10,0 

JP 

cc, DA 

6,5 

INC 

ri 



1 

6,5 

RLC 

Ri 

6,5 

RLC 

IRi 

6,5 

ADC 

ri, r 2 

6,5 

ADC 

ri, Ir 2 

10,5 

ADC 

R 2 , Ri 

10,5 

ADC 

IR 2 , Ri 

10,5 

ADC 

Ri, IM 

10,5 

ADC 

IRi, IM 

















2 

6,5 

INC 

Ri 

6,5 

INC 

IRi 

6,5 

SUB 

n, r 2 

6,5 

SUB 

ri, Ir 2 

10,5 

SUB 

R 2 , Ri 

10,5 

SUB 

IR 2 , Ri 

10,5 

SUB 

Ri, IM 

10,5 

SUB 

IRi, IM 

















3 

8,0 

JP 

IRR, 

6.1 

SRP 

IM 

6,5 

SBC 

n, r 2 

6,5 

SBC 

n, Ir 2 

10,5 

SBC 

R 2 , Ri 

10,5 

SBC 

ir 2 , r. 

10,5 

SBC 

R IM 

10,5 

SBC 

IR,, IM 

















4 

8,5 

DA 

Ri 

8,5 

DA 

IRi 

6,5 

OR 

ri, r 2 

6.5 

OR 

n, Ir 2 

10,5 

OR 

R 2 , Ri 

10,5 

OR 

IR 2 , R) 

10,5 

OR 

R,. IM 

10,5 

OR 

IR,, IM 
















(D 

I 

© 

5 

10,5 

POP 

Ri 

10,5 

POP 

IRi 

6.5 

AND 

ri, r 2 

6,5 

AND 

ri, Ir 2 

10,5 

AND 

r 2 , r. , 

10,5 

AND 

IR 2 , Ri 

10,5 

AND 

Ri, IM 

10,5 

AND 

IR,, IM 
















-Q 

-D 

2 

© 

6 

6,5 

COM 

Ri 

6,5 

COM 

IRi 

6,5 

TCM 

n, r 2 

6,5 

TCM 

ri, Ir 2 

10,5 

TCM 

R 2 , Ri 

10,5 

TCM 

IR 2 , Ri 

10,5 

TCM 

Ri, IM 

10,5 

TCM 

IRi, IM 
















CL 

CL 

z> 

7 

10/12,1 

PUSH 

r 2 

12/14,1 

PUSH 

IRa 

6,5 

TM 

ri, r 2 

6.5 

TM 

n, Ir 2 

10.5 

TM 

R 2 , Ri 

10,5 

TM 

IR 2 , Ri 

10,5 

TM 

Ri, IM 

10,5 

TM 

IR,, IM 

















8 

10.5 

DECW 

RR, 

10.5 

DECW 

IR, 

12,0 

LDE 

ri, Irr 2 

18,0 

LDEI 

Iri, Irr 2 



















6,1 

Dl 


9 

6,5 

RL 

Ri 

6.5 

RL 

IR i 

12,0 

LDE 

r 2 , Irri 

18,0 •• 

LDEI 

Ir 2 , Irri 









1 

! 









6,1 

El 


A 

10.3 

INCW 

RR! 

10.5 

INCW 

IRi 

6,5 

CP 

ri. r 2 

6.5 

CP 

ri, Ir 2 

10,5 

CP 

R 2 , Rj 

10,5 

CP 

IR 2 , Ri 

10,5 

CP 

R,, IM 

10,5 

CP 

IR,, IM 















14,0 

RET 


B 

6,5 

CLR 

R. 

6.5 

CLR 

IRi 

6,5 

XOR 

ri, r 2 

6.5 

XOR 

ri, Ir 2 

10,5 

XOR 

R 2 , Ri 

10,5 

XOR 

IR 2 , Ri 

10,5 

XOR 

Ri, IM 

10,5 

XOR 

IR,, IM 















16,0 

IRET 


C 

6.5 

RRC 

R. 

6,5 

RRC 

IRi 

12,0 

LDC 

ri, Irr 2 

18.0 

LDCI 

In, Irn 




10,5 

LD 

r,, x, R 2 




! 











6,5 

RCF 


D 

6,5 

SRA 

Ri 

6.5 

SRA 

IRi 

12,0 

LDC 

r 2 , Irn 

18,0 

LDCI 

Ir 2 , Irri 

20,0 

CALL* 

IRRi 


20,0 

CALL 

DA 

10,5 

LD 

r 2 , x, Ri 















6,5 

SCF 


E 

6,5 

RR 

Ri 

6,5 

RR 

IRi 


6,5 

LD 

ri, Ir 2 

10,5 

LD 

R 2 , Ri 

10,5 

LD 

IR 2 , Ri 

10,5 

LD 

Ri, IM 

10,5 

LD 

IRi, IM 















6,5 

CCF 


F 

SWAP 

Ri 

8.5 

SWAP 

IRi 


6,5 

LD 

Iri, r 2 


10,5 

LD 

R 2 , IRi 





, 

- 



J 








6,0 

NOP 


2 3 

Bytes per 
Instruction 


Lower Opcode Nibble 


Execution 


Upper 

Opcode Nibble 


First 



2 


3 1 


Legend: 

R = 8-Bit Address 
r = 4-Bit Address 
Ri or ri = Dst Address 
R 2 or r 2 = Src Address 
Sequence: 

Opcode, First Operand, Second Operand 
Note: The blank areas are not defined. 
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Instruction Summary 


Instruction 

and 

Operation 

Addr. mode 

Opcode 

Flags Affected 

dst src 

(Hex) 

CZSVDH 

ADC dst, src 

(Note 1) 

ID 

* * * * 0 * 

dst— dst + src + C 1 



ADD dst, src 
dst— dst + src 

(Note 1) 

on 

* * * * o * 

AND dst, src 

(Note 1) 

5D 

- * * 0 

dst— dst AND src 



CALL dst 

DA 

D6 


SP— SP— 2 

IRR 

D4 


@SP— PC; PC-dst 



CCF 

C— NOT C 

EF 

* 

CLR dst 

R 

BO 


dst— 0 

IR 

B1 


COM dst 

R 

60 

- * * 0 

dst— NOT dst 

IR 

61 


CP dst, src 
dst— src 

(Note 1) 

AD 

* * * * 

DA dst 

R 

40 

* * * X 

dst— DA dst 

IR 

41 


DEC dst 

R 

00 

- * * * — 

dst— dst— 1 

IR 

01 


DECW dst 

RR 

80 

— * * * 

dst— dst— 1 

IR 

81 


Dl 

IMR(7)— 0 

8F 


DJNZ r,dst 

RA 

rA 


r— r — 1 


Tl 

0 

1 


if r#0 PC— PC+dst | 



Range; +127- 

-128 



El 

IMR(7)— 1 

9F 


INC dst 

r 

rE 

— * * * 

dst— dst + 1 


r=0 — F 



R 

20 



IR 

21 


INCW dst 

RR 

A0 

— * * * 

dst— dst + 1 

IR 

A1 


IRET 


BF 

****** 

FLAGS— @SP;SP— SP+1 

PC— @SP;SP— SP+ 2;IMR(7)— 1 



JP cc, dst 

DA 

cD 


if cc is true 


o 

II 

O 

1 


PC— dst 

IRR 

30 


JR cc, dst 

RA 

cB 


if cc is true, 
PC— PC + dst 
Range: +127 — 

-128 

o 

II 

O 

1 


LD dst, src 

r IM 

rC 


dst— src 

r R 

r8 



R r 

r9 

r=0— F 



r X 

C7 



X r 

D7 



r Ir 

E3 



Ir r 

F3 



R R 

E4 



R IR 

E5 



R IM 

E6 



IR IM 

E7 



IR R 

F5 


LDC dst, src 

r Irr 

C2 


dst— src 

Irr r 

D2 


LDCI dst, src 

Ir Irr 

C3 


dst— src 

Irr r 

D3 


1 r— r + 1 ; rr— rr + 1 



LDE dst, src 

r Irr 

82 


dst— src 

Irr r 

92 



Instruction 

and 

Operation 

Addr. mode 

Opcode 

(Hex) 

Flags Affected 

dst src 

CZSVDH 

LDEI dst, src Ir Irr 

dst— src Irr Ir 

r— r+ 1; rr— rr+ 1 

83 

93 


NOP 

FF 


OR dst, src (Note 1) 

dst— dst OR src 

40 

- * * 0 

POP dst R 

dst— @SP IR 

SP— SP+1 

50 

51 


PUSH src R 

SP— SP— 1; @SP— src IR 

70 

71 


RCF 

C— 0 

CF 

0 

PET 

PC— @SP; SP— SP+2 

AF 


4RL dst | i R 

0*47 OH IR 

90 

91 

* * * * 

RLCdst | , 1 R 

4cH 7 °H IR 

10 

11 

* * * * 

RR dst II 1 R 

HC1M7 oM IR 

E0 

El 

* * * * 

RRC dst I 1 R 

HcH7 oH ir 

CO 

Cl 

* * * * 

SBC dst, src (Note 1) 

dst— dst— src— C 

3D 

* * * * 1 * 

SCF 

C— 1 

DF 

1 

SRAdst LgO |— T7l 61-1 

DO 

Dl 

* * * 0 — 

SRP src IM 

RP— src 

31 


SUB dst, src (Note 1) 

dst— dst— src 

2D 

* * * * 1 * 

SWAP dst | 7 ^ 0) R 

|__J IR 

F0 

FI 

X * * x — 

TCM dst, src (Note 1) 

(NOT dst) AND src 

60 

- * * 0 

TM dst,src (Note 1) 

dst AND src 

70 

- * * 0 — 

XOR dst^src (Note 1) 

dst— dst XOR src 

BO 

- * * 0 


Note 1: These instructions have an identical set of addressing 
modes, which are encoded for brevity. The first opcode nibble is 
found in the instruction set table above. The second nibble is ex- 
pressed symbolically by a □ in this table, and its value is found 
in the following table to the left of the applicable addressing 
mode paie. 

For example, to determine the opcode of an ADC instruction 
using the addressing modes r (destination) and Ir (source) is 13. 


Addr Mode Lower 


dst src Opcode Nibble 


r 

r 

m 

r 

Ir 

m 

R 

R 

m 

R 

IR 

m 

R 

IM 

m 

IR 

IM 

m 
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■ Register 


I/O REGISTER POINTER 

DISABLE DATA TRANSFER =0 
ENABLE DATA TRNSFER = 1 

NO TRANSFER ERROR =0 
TRANSFER ERROR = 1 


RO (DTC) 

UPC Register Address (Hex): 00 


M 

1 De 

1 D5 

1 D4 

Ds 

d 2 

Di 

Do 


(IRP)I 

(EDX) 


[(EOM) 

(LERR) 


(XERR) 


0 = — 

1 = END OF MESSAGE 

0 = NO LIMIT ERROR 

1 = LIMIT ERROR 


R4 (LC) 

UPC Register Address (Hex): 04 


R5 (DIND) 

UPC Register Address (Hex): 05 


l_Ei 

De 

Ds 

D 4 

d 3 

d 2 

Di 

Do 


leD 

De 

Ds 

D 4 

d 3 

d 2 

Di 

Do 


LIMIT COUNT VALUE 1 INDIRECTION ADDRESS 

(RANGE: 0-255 DECIMAL (Do=LSB) 

00- FF HEX) 


R240 (MIV) 

UPC Register Address (Hex): FI 


Lel 

De 

Ds 

D 4 

d 3 

d 2 

Di 

Do 


VECTOR DATA (D 0 = LSB) 


R241 (TMR) 

UPC register address (Hex): FI 


° 7 

De 

Ds 

D 4 

Ds 

d 2 

ED 

Do 


T out MODES— 
RESERVED = 00 
To OUT = 01 
T i OUT - 10 
INTERNAL CLOCK OUT = 11 

Tin MODES - 

EXTERNAL CLOCK INPUT =00 
GATE INPUT =01 
TRIGGER INPUT = 10 
(NON -RETRIGGERABLE) 
TRIGGER INPUT = 11 
(RETRIGGERABLE) 


L 


0 = NO FUNCTION 

1 = LOAD To 

0 = DISABLE To COUNT 

1 = ENABLE To COUNT 

0 = NO FUNCTION 

1 = LOAD T i 

0 = DISABLE Ti COUNT 

1 - ENABLE Ti COUNT 


R242 (TI) 

Counter/Timer 1 Register 

UPC Register Address (Hex): F2 


R243 (PRE1) 

UPC Register Address (Hex): F3 


Dr 

De 

Ds 

D 4 

d 3 

d 2 

Di 

Do 


D? 

De 

Ds 

d 4 

Ds 

D 2 

Di Do 


-Ti INITIAL VALUE 
(RANGE: 1-2 5 6 DECIMAL 
01-00 HEX) 


L, 


COUNT MODE 

0 = Ti SINGLE PASS 

1 = Ti MODULO • N 
-CLOCK SOURCE 

0 = EXTERNAL TIMING IN 

(Tin) MODE 

1 = Ti INTERNAL 


-PRESCALER MODULO 
(RANGE: 1-64 DECIMAL 
01-00 HEX) 
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R244 (TO) R245 (PREO) 

Counter/Timer 0 Register Prescaler 0 Register 

UPC Register Address (Hex): F4 UPC Register Address (Hex): F5 


LJL 

De 

Ds 

d 4 

d 3 

d 2 

Di 

Do 



1 To INITIAL VALUE 

(RANGE: 1-256 DECIMAL 
01-00 HEX) 

R246 (P2M) 

Port 2 Mode Register 

UPC Register Address (Hex): F6 


D? 

De 

d 5 

d 4 

d 3 

d 2 

Di 

Do 1 


l 

COUNT MODE 

0 = To SINGLE-PASS 

1 = To MODULO • N 

RESERVED 

-PRESCALER MODULO 

(RANGE: 1-64 DECIMAL 
0100 HEX) 


1 ° 7 

De 

Ds 

D 4 

d 3 

d 2 

Di 

1 Do 1 


P2 0 -P2 7 I/O DEFINITION 

0 DEFINES BIT AS OUTPUT 

1 DEFINES BIT AS INPUT 


R247 (P3M) 

Port 3 Mode Register 

UPC Register Address (Hex): F7 


d 7 

De 

Ds 

D 4 

d 3 

d 2 

Di 

Do 


U PORT 2 PULL-UPS OPEN DRAIN 
1 PORT 2 PULL-UPS ACTIVE 

— 0 PORT 1 PULL-UPS OPEN DRAIN 
1 PORT 1 PULL-UPS ACTIVE 


0 P 35 = OUTPUT 

1 P 35 = INT 


1 RESERVED 

-0 P3s= INPUT 
1 P3s= DAV1/RDY 1 

0 P3i— INPUT (Tin) 

1 Pli= DAV2/RDY2 

-0 P3o = INPUT 
1 P3o = IEI 


P3 4 = OUTPUT 
P3 4 = RDY 1 /DAV 1 

P3e = OUTP UT (To ut) 
P3 6 = RDY 2/DAV 2 

P3? = OUTPUT 
P3 7 = IEO 


0 P3z= INPUT 

1 P3 2 = INTACK 


R248 (PI M) 

Port 1 Mode Register 

UPC Register Address (Hex): F5 


M 

1 De 

1 D5 

1 ° 1 * * 4 

d 3 

d 2 

Di 

Do 



Plo Pl 7 I/O DEFINITION 

0 DEFINES BIT AS OUTPUT 

1 DEFINES BIT AS INPUT 
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R249 (IPR) 

Interrupt Priority Register 

UPC Register Address (Hex): F9 (write only) 


lE" 

De 

De 

d 4 

d 3 

d 2 

Di 

Do 


RESERVED- 


INTERRUPT GROUP PRIORITY 
RESERVED =000 



IRQ1,IRQ4 PRIORITY (GROUP 

0 =IRQ1>IRQ4 

1 =IRQ4>IRQ1 


C) 


C> A>B=001 
A>B>C = 010 
A>C>B=011 
B> C> A = 100 
C>B>A = 101 
B> A>C = 110 
RESERVED =111 


IRQ0,IRQ2 PRIORITY (GROUP B) 

0 =IRQ2>IRQ0 

1 =IRQ0>IRQ2 

-IRQ3,IRQ5 PRIORITY (GROUP A) 

0 =IRQ5>IRQ3 

1 =IRQ3>IRQ5 


R250 (IRQ) 

Interrupt Request Register 

UPC Register Address (Hex): FA 


R251 (IMR) 

Interrupt Mask Register 

UPC Register Address (Hex): FB 


D ? 

De 

D 5 

d 4 

d 3 

d 2 

Di 

Do 

LE] 

De 

LE] 

d 4 

Ds 

D 2 

LED 


^ — I RQ0= MASTER CPU 
COMMUNICATIONS 

IRQ1 = P3 3 INPUT 

IRQ2=P3i INPUT 

IRQ3=P3o INPUT 

1 RQ4 =T 0 

IRQ5=Ti 

RESERVED 



1 ENABLES IRQO 
1 ENABLES IRQ1 
1 ENABLES IRQ2 
1 ENABLES IRQ3 
1 ENABLES IRQ4 
1 ENABLES IRQ5 
RESERVED 

1 ENABLES INTERRUPTS 


R252 (FLAGS) 

Flag Register 

UPC Register Address (Hex): FC 


R253 (RP) 

Register Pointer 

UPC Register Address (Hex): FD 


D 7 

De 

Ds 

D 4 

Ds 

d 2 


Do 


D? 

De 

Ds 

D 4 

d 3 

d 2 

Di 

Do 1 


l—USER FLAG FI 
—USER FLAG F2 
—HALF CARRY FLAG 
—DECIMAL ADJUST FLAG 
—OVERFLOW FLAG 
—SIGN FLAG 
—ZERO FLAG 
—CARRY FRAG 


DON'T CARE 
REGISTER 

(ri-r?) 
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R254 (MIC) 

Master CPU Interrupt Control Register 

UPC Register Address (Hex): FE 


| D? 

0 INTERRUPT REQUEST DISABLED -I 
0 INTERRUPT REQUEST ENABLED 

0 NO INTERRUPT UNDER SERVICE 

1 INTERRUPT UNDER SERVICE 

0 NO MASTER CPU INTERRUPT PENDING — 

1 MASTER CPU INTERRUPT PENDING 

0 VECTOR OUTPUT 

1 NO VECTOR OUTPUT 


1 De 

Ds 

1 D4 

D 3 

d 2 


Di Do 


L, 


0 — 

1 END OF MESSAGE 

0 WAIT ENABLE WHEN WRITE 

1 WAIT DISABLE WHEN WRITE 

0 ENABLE LOWER CHAIN 

1 DISABLE LOWER CHAIN 

0 DISABLE DATA TRANSFER 

1 ENABLE DATA TRANSFER 


R255 (SP) 

Stack Pointer 

UPC Register Address (Hex): FF 


Uj 

De 


° 4 

° 3 

D 2 

Di 

1 Do 1 


-STACK POINTER 

(SP0-SP7) 


Table 4. Control register reset conditions 


Control Register 

D 7 D 6 D 5 D 4 D 3 D 2 Dj Dq 

Comments 

00 H Data transfer control register 

X X X X 0 0 0 0 

Disable data transfer from master CPU 

04 h Limit count register 

Not defined 


05 h Data indirection register 

Not defined 


F0 h Interrupt vector register 

Not defined 


F1 h Timer mode 

00000000 

Stops TO and T1 

F2 h T 1 register 

Not defined 


F3 h T1 prescaler 

XXXXXX OO 

Single-pass mode 

F4 h TO register 

Not defined 


F5 h TO prescaler 

XXXXXXOO 

Single-pass mode external clock source 

F 6 h Port 2 mode 

11111111 

Port 2 lines defined as inputs 

F7 h port 3 mode 

0 0 0 0 X 1 0 0 

Port 1, 2 open drain output 

P3 5 = Int 

P3 0 , P3i, P3 2 , P3 3 defined as input 

P3 4 , P3 6 , P3 7 defined as output 

F 8 h port 1 mode 

11111111 

Port 1 lines defined as inputs 

F9 h Interrupt priority 

Not defined 


FA h Interrupt request 

xxoooooo 

Reset interrupt request 

EB H Interrupt mask 

OXXXXXXX 

Interrupts disabled 

FC h Flag register 

Not defined 


FD h Register pointer 

Not defined 


FE h Master CPU interrupt control 
register 

00000000 

Master CPU interrupt disabled: wait 
enable when write: lower chain enabled 

FF h Stack pointer 

Not defined 



Note: X means not defined. 
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LH8091/LH8091A Development Device 


■ Description 

The 64-pin LH8091 is the development version 
of LH8090 (Z8090) UPC with internal mask- 
programmed ROM. This device allows the user to 
the prototype systems in hardware without an 
actual device and to develop the code that is even- 
tually mask-programmed into the on-chip ROM of 
the LH8090. 

The LH8091 is identical to the LH8090 with the 
following exceptions. 

• The internal ROM has been removed. 

• The ROM address lines and data lines are buff- 
ered and brought out to external pins. 

• Control lines for the memory have been added. 
The LH8091A is the high speed version which 
can operate at 6MHz system clock. 


■ Pin Connections 



r > 


+ 5VH 

r\ 

igp3i 

pclkh 


1]P36 

P37/IEO[T 


62 J P2 7 

P3o/IEI E 


1DP26 

P3s/INT[I 


^o|P25 

P32/INTACKE 


59 ] P2 4 

DSE 


m P2 3 

R/WE 


57|P22 

ASH 


*561 P2l 

CSQo 


UP2o 

WAIT[n 


llP3 3 

ad?D1 


53|P34 

ADeQ! 


HP17 

adsEH 


11 Pie 

ad 4 QI 


UP15 

ad 3 [H 


49 ] Pl 4 

GNDtiz 


UPls 

AD 2 H 


HP12 

AD 1 Q 9 


HlPii 

AD 0 E 
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LH8091/LH8091A 


Z8091/Z809TA Development Device 


■ Block Diagram 



■ Pin Description 

LH8091 has the same functions as those of a 40-pin device LH8090, and the functions of the additional 24 
pins are as follows. 


Symbol 

Meaning 

I/O 

Function 

> 

o 

r 

> 

Program memory address 

0 

Used for the access to the external memory of 4K bytes. 

D 0 D 7 

Program data 

I 

Reads the data through these lines from the external memory. 

IACK/MR 

Interrupt acknowledge 
/memory read 

0 

Active high. This signal becomes high during interrupt or in- 
struction fetch cycle of LH8591. 

MAS 

Memory address strobe 

0 

Active low. This signal is output every memory fetch cycle 
for the interface with the external ROM. 

MDS 

Memory data strobe 

0 

Active low. This signal becomes low during instruction fetch 
cycle or write cycle. 

SYNC 

Synchronization 

0 

Active low. This signal becomes low at the clock cycle just 
before Op- code fetching. 
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I UQAQO/I L QflC OA Z8092/Z8092A 
LrlOU?^ / LrlOU«/4M Development Device 


■ Description 

The 64-pin LH8092 is the development version 
of LH8090 (Z8090 UPC) with internal mask- 
programmed ROM. This device allows the user to 
the prototype systems in hardware with an actual 
device and to develop the code that is eventually 
mask -programmed into the on-chip ROM of the 
LH8090. 

The LH8092 is identical to the LH8090 with the 
following exceptions. 

• The internal ROM has been removed (But 
there are 36 bytes of internal ROM for a boot- 
strap program). 

• The ROM address lines and data lines are buff- 
ered and brought out to external pins. 

• Control lines for the memory have been added. 
The LH8092A is the high speed version which 
can operate at 6MHz system clock. 


■ Pin Connections 
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LH8092/LH8092A 


■ Block Diagran 





















Z8093/Z8093A Protopack Emulator 


LH8093/LH8093A 


LH8093/LH8093A Emulator P 


■ Description 

The LH8093 (Z8093) is a ROMless version of 
the standard LH8090, housed in a pin compatible 
40-pin package. 

The LH8093 carries a 40-pin soket for a direct 
interface to program memory. 2716 type EPROM 
can be used for program memory. 

The LH8093 allows the user to build the pro- 
totype and pilot production units. When the final 
program is established, the user can then switch 
over the LH8090. 

The LH8093A is the high speed version which 
can operate at 6MHz system clock. 


■ Pin Connections 


+ 5V [T 

r N 

r\ 

40] P3i 

PCLK |T 


39] P3e 

P3?/IEO [7 


38] P2? 

P3o/IEI (T 


ID p2e 

P3 5 /INT |T 


36] P2s 

P32 /INTACK |T 


m P24 

DS (7 


34] P2s 

R/W u 


33) P2s 

AS |T 


32] P2i 

cs [To 


ID P2o 

GND d 


U P3s 

WAIT m 


29] P3 4 

AD? [u 


28] PI? 

ADe [17 


|D Pie 

ADs 


|D Pis 

ad 4 


m pi 4 

ADs [17 


ID pis 

ADs [l8 


23] Pl2 

ADi [l9 


H] pii 

ADo [20 


ID pio 



Top View 


SHARP 


455 





Z8093/Z8093A Protopack Emulator 


LH8093/LH8093A 


■ Block Diagram 



■ Pin Description 

LH8093 pins are compatible with those of LH8090. For pin descriptions of LH8093, refer to those of 
LH8090. 
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LH8094/LH8094A Emulator 


■ Description 

The LH8094 (Z8094) is a RAM version (16K 
bits RAM) of the standard LH8090, housed in a pin 
compatible 40-pin package. 

The LH8094 carries a 24-pin soket for a direct 
interface to program memory, and has 36 bytes of 
internal ROM for a bootstrap program. 

The LH8094 allows the user to build the pro- 
totype and when the final program is established, 
the user can then switch over the LH8090. 

The LH8094A is the high speed version which 
can operate at 6MHz system clock. 


■ Pin Connections 
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Z8094/Z8094A Protopaek Emulator 


LH8094/LH8094A 


■ Block Diagram 



■ Pin Description 

LH8094 pins are compatible with those of LH8090. For pin descriptions of LH8094, refer to those of 
LH8090. 
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Z8530/Z8530A Serial Communications Controller 


LH8530/LH8530A 


LH8530/LH8530A 

Z8530/Z8530A Serial Communications Controller 


■ Description 

The LH8530 Z8530 SCC Serial Communications 
Controller is a dual-channel, multi protocol data 
communications peripheral designed for use with 
conventional non-multiplexed buses. The LH8530 
functions as a serial-to-parallel, parallel-to-serial 
converter controller. The LH8530 can be software- 
configured to satisfy a wide variety of serial com- 
munications applications. The device contains a 
variety of new, sophisticated internal functions in- 
cluding on-chip baud rate generators, Digital 
Phase-Locked Loops, and crystal oscillators that 
dramatically reduce the need for external logic. 

The LH8530 handles asynchronous formats, 
Synchronous byte-oriented protocols such as IBM 
Bisync, and Synchronous bit-oriented protocols 
such as HDLC and IBM SDLC. This versatile de- 
vice supports virtually any serial date transfer ap- 
plication (cassette, disk tape driyes, etc). 

The device can generate and check CRC codes in 
any Synchronous mode and can be programmed to 
check data integrity in various modes. The 
LH8530 also has facilities for modem controls in 
both channels. In applications where these controls 
are not needed, the modem controls can be used for 
general-purpose I/O. 

The daisy-chain interrupt hierarchy is also sup- 
ported by the LH8530. 

The LH8530 is packaged in a 40-pin ceramic 
DIP and uses a singled 5 V power supply. 

The LH8530A Z8530A SCC is the high speed 
version which can operate at 6MHz system clock. 


■ Features 

1. Two independent, 0 to 1.5M bit/second, full- 
duplex channels, each with a separate crystal 
oscillator, baud rate generator, and Digital 
Phase-Locked Loop for clock recovery. 

2. Multi-protocol operation under program con- 
trol; programmable for NRZ, NRZI, or FM data 
encoding. 

3. Asychronous mode with five to eight bits and 
one, one and one-half, or two stop bits per 


■ Pin Connections 
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character; programmable clock factor, break 
detection and generation; parity, overrun, and 
framing error detection. 

4. Synchronous mode with internal or external 
character synchronization on one or two syn- 
chronous characters and CRC generation and 
checking with CRC- 16 or CRC-CCITT preset 
to either Is or Os. 

5. SDLC/HDLC mode with comprehensive frame- 
level control, automatic zero insertion and de- 
letion. I-field residue handling, abort genera- 
tion and detection, CRC generation and check- 
ing, and SDLC Loop mode operation. 

6. Local Loopback and Auto Echo modes. 
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Z8530/Z8530A Serial Communications Controller 


LH8530/LH8530A 


■ Pin Description 


Pin 

Meaning 

I/O 

Function 

A/B 

Channel A/ 

Channel B select 

I 

Channel select signal. 

CE 

Chip enable 

I 

Active low. Enables the CPU to transmit and receive 

command and data when low. 

CTSA 

CTSB 

Clear to send 

I 

Active low. Enables the respective transmitters. 

D/C 

Data/control select 

I 

This signal defines the type of information on the data 
bus. High means data ; Low indicates a command. 

DCDA 

DCDB 

Data carrier detect 

■ 

I 

Active low. Enables the respective receivers. 


Data bus 

Bidirectional 

3 -state 

System data bus. 

DTR/REQA 

DTR/REQB 

Data terminal 
ready/request 

0 

Active low. These outputs follow the state programmed 
into the DTR bit. 

IEI 

Interrupt enable input 

I 

Active high. IEI is used to form a daisy chain that deter- 
mines the interrupt priority order. 

IEO 

Interrupt enable output 

0 

Active high. IEO is used to form a daisy chain that de- 
termines the interrupt priority order. 

LNT 

Interrupt request 

Open-drain 

Active low, open-drain. Indicates an interrupt request to 
the CPU. 

INTACK 

Interrupt acknowledge 

I 

Active low. This signal indicates an active interrupt 
acknowledge cycle. 

RD 

Read 

I 

Active low. This signal indicates a read operation. 

RXDA 

RXDB 

Receive data 

I 

Active high. These are receive data lines. 

RTXCA 

RTXCB 

Receive/transmit clocks 

I 

Active low. These are communication clock lines. 

RTSA 

RTSB 

Request to send 

0 

Active low. Goes high after the transmitter is empty. 

SYNCA 

SYNCB 

Synchronization 

I/O 

Active low. Indicates that a synchronization pattern has 
been recognized. 

TXDA 

TXDB 

Transmit data 

0 

Active high. These are transmit data lines. 

TRXCA 

TRXCB 

Transmit/receive clocks 

I/O 

These are communication clocks. 

WR 

Write 

I 

Active low. This signal indicates a write operation. 

W/REQA 

W/REQB 

Wait/request 

Open-drain 

Active low. Operate as request lines when the DMA is 
the bus master or as wait lines when the CPU is the bus 

master. 

PCLK 

Clock 

I 

Single-phase clock. It does not have to be the CPU clock. 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Input voltage 

V 1N 

-0.3- + 7 

V 

Output voltage 

VoUT 

-0.3- + 7 

V 

Operating temperature 

T 

A opr 

0- + 70 

°c 

Storage temperature 

Z Sis 

-65- + 150 

°c 


+5V 


+5V 
< 2.2kO 

F rom output j 

under test ° t 

Standard test load Open-drain test load 
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LH8530/LH8530A 


■ DC Characteristics ( Vcc=5V±5%, Ta=o~+70°c ) 


Parameter 

Symbol 

Conditions 

MIN. 

MAX. 

Unit 

Input high voltage 

VlH 


2 

Vcc + 0.3 

V 

Input low voltage 

VlL 


-0.3 

0.8 

V 

Output high voltage 

VOH 

Ioh= —250 fiA 

2.4 


V 

Output low voltage 

VOL 

Iol= + 2 mA 


0.4 

V 

Input leakage current 

1 IlL | 

0.4 £ Vin £ 2.4V 


10 

M 

Output leakage current 

1 lOL | 

0.4 £ Vout £ 2.4V 


10 

M 

Current consumption 

Icc 



250 

mA 


■ Capacitance < f=iMHz. Ta=o~+7o°c ) 


Parameter 

Symbol 

Conditions 

MIN. 

MAX. 

Unit 

Input capacitance 

ClN 



10 

pF 

Output capacitance 

CoUT 

Unmeasured Pins Returned to Ground 


15 

pF 

Bidirectional 

capacitance 

Ci/o 



20 

pF 


■ AC Characteristics 

(1) CPU interface timing, interrupt timing, and interrupt acknowledge timing 


No. 

Symbol 

Parameter 

LH8530 

j LH8530A | 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

1 

TwPCl 

PCLK low width 

105 

2000 

70 

1000 

ns 


2 

TwPCh 

PCLK high width 

105 

2000 

70 

1000 

ns 


3 

TfPC 

PCLK fall time 


20 


10 

ns 


4 

TrPC 

PCLK rise time 


20 


15 

ns 


5 

TcPC 

PCLK cycle time 

250 

4000 

165 

2000 

ns 


6 

TsA(WR) 

Address to WR l setup time 

80 


80 


ns 


7 

ThA(WR) 

Address to WR t hold time 

0 


0 


ns 


8 

TsA(RD) 

Address to RD i setup time 

80 


80 


ns 


9 

ThA(RD) 

Address to RD t hold time 

0 


0 


ns 


10 

TsIA(PC) 

INTACK to PCLK t setup time 

0 


0 


ns 


11 

TsIAi(WR) 

INTACK to WR i setup time 

200 


• 200 


ns 

1 

12 

ThlA(WR) 

INTACK to WR t hold time 

0 


0 


ns 


13 

TsIAi(RD) 

INTACK to RD i setup time 

200 


200 


ns 

1 

14 

ThlA(RD) 

INTACK to RD t hold time 

0 


0 


ns 


15 

ThlA(PC) 

INTACK to PCLK t hold time 

100 


100 


ns 


16 

TsCEl(WR) 

CE low to WR 1 setup time 

0 


0 


ns 


17 

ThCE(WR) 

CE to WR T hold time 

0 


0 


ns 


18 

TsCEh(WR) 

CE high to WR 1 setup time 

100 


70 


ns 


19 

TsCEl(RD) 

CE low to RD i setup time 

0 


0 


ns 

i 

20 

ThCE(RD) 

CE to RD t hold time 

0 


0 


ns 

l 

21 

TsCEh(RD) 

CE high to RD 1 setup time 

100 


70 


ns 

l 

22 

TwRDl 

RD low width 

390 


250 


ns 

l 

23 

TdRD(DRA) 

RD i to read data active delay 

0 


0 


ns 


24 

TdRDr(DR) 

RD t to read data not valid delay 

0 


0 


ns 


25 

TdRDf(DR) 

RD i to read data valid delay 


250 


180 

ns 

.... 

26 

TdRD(DRz) 

RD t to read data float delay 


70 


45 

ns 

2 

27 

TdA(DR) 

Address required valid to read data valid delay 


590 


420 

ns 


28 

TwWRl 

WR low width 

390 


250 


ns 


29 

TsDW(WR) 

Write data to WR i setup time 

0 


0 


ns 
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No. 

Symbol 

Parameter 

| LH8530 

| LH8530A | 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

30 

ThDW(WR) 

Write data to WR t hold time 

0 


0 


ns 


31 

TdWR(W) 

WR i to wait valid delay 


240 


200 

ns 

4 

32 

TdRD(W) 

RD i to wait valid delay 


240 


200 

ns 

4 

33 

TdWRf(REQ) 

WR I to W/REQ not valid delay 


240 


200 

ns 


34 

TdRDf(REQ) 

RD | to W/REQ not valid delay 


240 


200 

ns 


35 

TdWRr(REQ) 

WR t to DTR/REQ not valid delay 


5TcfC+300 


5TcPC+250 

ns 


36 

TdRDr(REQ) 

RD t to DTR/REQ not valid delay 


5TcPC+300 


5TcPC+250 

ns 


37 

TdPC(INT) 

PCLK 1 to INT valid delay 


500 


500 

ns 

4 

38 

TdlAi(RD) 

INTACK to RD 1 (acknowledge) delay 





ns 

5 

39 

TwRDA 

RD (acknowledge) width 

285 


.250 


ns 


40 

TdRDA(DR) 

RD i (acknowledge) to read data valid delay 


190 


180 

ns 


41 

TsIEI(RDA) 

IEI to RD 1 (acknowledge) setup time 

120 


100 


ns 


42 

ThlEI(RDA) 

IEI to RD t (acknowledge) hold time 

0 


0 


ns 


43 

TdlEI(IEO) 

IEI to IEO delay time 


120 


100 

ns 


44 

TdPC(IEO) 

PCLK t to IEO delay 


250 


250 

ns 


45 

TdRDA(INT) 

RD I to INT inactive delay 


500 


500 

ns 

4 

46 

TdRD(WRQ) 

RD t to WR I delay for no reset 

30 


15 


ns 


47 

TdWRQ(RD) 

WR t to RD i delay for no reset 

30 


30 


ns 


48 

TwRES 

WR and RD coincident low for reset 

250 


250 


ns 


49 

Trc 

Valid access recovery time 

6TcPC+200 


6TcPC+130 


ns 

3 


Note 1: Parameter does not apply to Interrupt Acknowledge transactions. 

Note 2: Float delay is defined as the time required for a + 0.5V change in the output with a maximum DC load and minimum AC load. 
Note 3: Parameter applies only between transactions involving the SCC. 

Notq 4: Open-drain output, measured with open-drain test load. 

Note 5: Parameter is system dependent. For any SCC in the daisy chain, TdlAi (RD) must be greater than the sum of TdPC (IEO) for the 
highest priority device in the daisy chain, TsIEI (RDA) for the SCC, and TdlEIf (IEO) for each device separating them in the daisy 
chain. 
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Interrupt acknowledge timing 



CE 

RD or WR 




A. 


y 


Cycle timing 




(2) System timing 


No. 

Symbol 

Parameter 

LH8530 

| LH8530A 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

1 

TdRxC(REQ) 

RxC t to W/REQ valid delay 

8 

12 

8 

12 

TcPC 

2 

2 

TdRxC(W) 

RxC t to wait inactive delay 

8 

12 

8 

12 

TcPC 

1,2 

3 

TdRxC(SY) 

RxC t to SYNC valid delay 

4 

7 

4 

7 

TcPC 

2 

4 

TdRxC(INT) 

RxC t to INT valid delay 

10 

16 

10 

16 

TcPC 

1,2 

5 

TdTxC(REQ) 

TxC i to W/REQ valid delay 

5 

8 

5 

8 

TcPC 

3 

6 

TdTxC(W) 

TxC 1 to wait inactive delay 

5 

8 

5 

8 

TcPC 

1,3 

7 

TdTxC(DRQ) 

TxC 1 to DTR/REQ valid delay 

4 

7 

4 

7 

TcPC 

3 

8 

TdTxC(INT) 

TxC 1 to INT valid delay 

6 

10 

6 

10 

TcPC 

1,3 

9 

TdSx(INT) 

SYNC transition to INT valid delay 

2 

6 

2 

6 

TcPC 

1 

10 

TdExT(INT) 

DCD or CTS transition to INT valid delay 

2 



2 

6 

TcPC 

1 


Note 1: Open-drain output, measured with open-drain test load. 

Note 2: RxC is RTxC or TRxC, whichever is supplying the receive clock. 
Note 3: TxC is TRxC or RTxC, whichever is supplying the transmit clock. 
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System timing 


(3) General timing 


No. 

Symbol 

Parameter 

LH8530 | 

LH8530A | 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

1 

TdPC(REQ) 

PCLK i to W/REQ valid delay 


250 


250 

ns 


2 

TdPC(W) 

PCLK 1 to wait inactive delay 


350 


350 

ns 


3 

TsRXC(PC) 

RxC t to PCLK t setup time (PCLK -r 4 case only) 

80 


70 


ns 

1,4 

4 

TsRXD(RXCr) 

RxD to RxC t setup time (XI mode) 

0 


0 


ns 

1 

5 

ThRXD(RXCr) 

RxD to RxC t hold time (XI mode) 

150 


150 


ns 

1 x 

6 

TsRXD(RXCf) 

RxD to RxC 1 setup time (XI mode) 

0 


0 


ns 

1,5 

7 

ThRXD(RXCf) 

RxD to RxC | hold time (XI mode) 

150 


150 


ns 

1,5 

8 

TsSY(RXC) 

SYNC to RxC t setup time 

-200 


-200 


ns 

1 

9 

ThSY(RXC) 

SYNC to RxC t hold time 

3TcPC+200 


3WC+200 


ns 

1 

10 

TsTXC(PC) 

TxC i to PCLK t setup time 

0 


0 


ns 

2,4 

11 

TdTXGf(TXD) 

TxC 1 to TxD delay (XI mode) 


300 


300 

ns 

2 

12 

TdTXCr(TXD) 

TxC t to TxD delay (XI mode) 


300 


300 

ns 

2,5 

13 

TdTXD(TRX) 

TxD to TRxC delay (send clock echo) 


200 


200 

ns 


14 

TwRTXh 

RTxC high width 

180 


180 


ns 

6 

15 

TwRTXl 

RTxC low width 

180 


180 


ns 

6 

16 i 

TcRTX 

RTxC cycle time 

400 


400 


ns 

6 

17 

TcRTXX 

Crystal oscillator period 

250 

1000 

250 

1000 

ns 

3 

18 

TwTRXh 

TRxC high width 

180 


180 


ns 

3 

19 

TwTRXl 

TRxC low width 

180 


180 


ns 

6 

20 

TcTRX 

TRxC cycle time 

400 


400 


ns 

6 

21 

TwEXT 

DCD or CTS pulse width 

200 


200 


ns 


22 

TwSY 

SYNC pulse width 

200 


200 


ns 
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Note 1: RxC is RTxC or TRxC, whichever is supplying the receive clock. 

Note 2: TxC is TRxC or RTxC, whichever is supplying the transmit clock. 

Note 3: Both RTxC and SYNC have 30 pF capacitors to ground connected to them. 

Note 4: Parameter applies only if the data rate is one-fourth the PCLK rate. In all other cases, no phase relationship between RxC and 
PCLK or TxC and PCLK is required. 

Note 5: Parameter applies only to FM encoding/decoding. 

Note 6: Parameter applies only for transmitter and receiver; DPLL and baud rate generator timing requirements are identical to chip PCLK 
requirements. 



General timing 
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■ Data Communications Capabilities 

The LH8530 provides two independent fullduplex 
channels programmable for use in any common 
Asynchronous or Synchronpus data communication 
protocol. Fig. 1 illustrates these protocols. 
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I PARITY 


STOP 

w 


MARKING | | DATA | | ' | |DATA| | ' 1 1 DATA 1 1 " 


LINE 

ASYNCHRONOUS 



1 

SYNC DATA ” DATA| 

CRCi 

CRC 2 


MONOSYNC 



SYNC 

SYNC |DATA| ” |DATA 

CRC, 

| crc 2 


.r i — „ i— i i — u 

SIGNA L^ bisync 

[DATAl ” [DATA | CRCi | CRC 2 | 
EXTERNAL SYNC 


| FLAG [ADDRESsInFORM . | CRCi [ CRC 2 |FLAG| 
SDLC/HDLC/X.25 

Fig. 1 Some SCC protocols 


■ SDLC Loop Mode 

The LH8530 supports SDLC Loop mode in addi- 
tion to normal SDLC. In an SDLC Loop, there is a 
primary controller station that manages the message 
traffic flow on the loop and any number of secondary 
stations. In SDLC Loop mode, the LH8530 per- 
forms the functions of a secondary station while an 
LH8530 operating in regular SDLC mode can act as 
a controller (Fig. 2). 

A secondary station in an SDLC Loop is alway 
listening to the messages being sent around the loop, 
and in fact must pass these messages to the rest of 
the loop by retransmitting them with a one-bit-time 
delay. The secondary station can place its own mes- 
sage on the loop only at specific times. The con- 
troller signals that secondary stations may transmit 
messages by sending a special character, called an 
EOP (End Of Poll), around the loop. The EOP char- 
acter is the bit pattern 11111110. Because of zero 
insertion during messages, this bit pattern is unique 
and easily recognized. 

When a secondary station has a message to trans- 
mit and recognizes an EOP on the line, it changes 
the last binary 1 of the EOP to a 0 before trans- 
mission. This has the effect of turning the EOP 
into a flag sequence. The secondary station now 
places its message on, the loop and terminates the 
message with an EOP. Any secondary stations 
further down the lopp with messages to transmit can 
then append their messages to the message of the 


first secondary station by the same process. Any 
secondary stations without messages to send merely 
echo the incoming messages and are prohibited from 
placing messages on the loop (except upon recogniz- 
ing an EOP). 

SDLC Loop mode is a programmable option in the 
LH8530. NRZ, NRZI, and FM coding may all be used 
in SDLC Loop mode. 



■ Data Encoding 

The LH8530 may be programmed to encode and 
decode the serial data in four different ways 
(Fig. 3). In NRZ encoding, a 1 is represented by a 
High level and a 0 is represented by a Low level. In 
NRZI encoding, a 1 is represented by no change in 
level and a 0 is represented by a change in level. In 
FM1 (more properly, bi-phase mark), a transition 
occurs at the beginning of every bit cell. A 1 is rep- 
resented by an additional transition at the center of 
the bit cell and a 0 is represented by no additional 
transition at the center of the bit cell. In FMO (bi- 
phase space), a transition occurs at the beginning of 
every bit cell. A 0 is represented by an additional 
transition at the center of the bit cell, and a 1 is rep- 
resented by no additional transition at the center of 
the bit cell. In addition to these four methods, the 
LH8530 can be used to decode Manchester (bi-phase 
level) data by using the DPLL in the FM mode and 
programming the receiver for NRZ data. Manches- 
ter encoding always produces a transition at the 
center of the bit cell. If the transition is 0 to 1, the 
bit is a 0. If the transition is 1 to 0, the bit is a 1. 
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■ Auto Echo and Local Loopback 

The LH8530 is capable of automatically echoing 
everything it receives. This feature is useful 
mainly in Asynchronous modes, but works in Syn- 
chronous and SDLC modes as well. In Auto Echo 
mode, TxD is RxD. Auto Echo mode can be used 
with NRZI or FM encoding with no additional de- 
lay, because the data stream is not decoded before 
retransmission. In Auto Echo mode, the CTS in- 
put is ignored as a transmitter enable (although 
transitions on this input can still cause interrupts 
if programmed to do so). In this mode, the trans- 
mitter is actually bypassed and the programmer is 
res ponsible for disab ling transmitter interrupts 
and WAIT/REQUEST on transmit. 

The LH8530 is also capable of local loopback. 
In this mode TxD is RxD, just as in Auto Echo 
mode. However, in Local Loopback mode( the in- 
ternal transmit data is tied to the internal receive 
data and RxD is ignored (except to be echoed out 
via TxD). The CTS and DCD inputs are also 
ignored as transmit and receive enables. However, 
transitions on these inputs can still cause inter- 
rupts. Local Loopback works in Asynchronous, 
Synchronous and SDLC modes with NRZ, NRZI or 
FM coding of the data stream. 

■ Baud Rate Generator 

Each channel in the LH8530 contains a prog- 
rammable baud rate generator. Each generator 
consists of two 8-bit time constant registers that 
form a 16-bit time constant, a 16-bit down coun- 
ter, and a flip-flop on the output producing a 
square wave. On startup, the flip-flop on the out- 
put is set in a High state, the value in the time con- 
stant register is loaded into the counter, and the 
counter starts counting down. The output of the 
baud rate generator toggles upon reaching 0, the 
value in the time constant register is loaded into 
the counter, and the process is repeated. The 


time constant may be changed at any time , but the 
new value does not take effect until the next load 
of the counter. 

The output of the baud rate generator may be 
used as either the transmit clock, the receive clock, 
or both. It can also drive the Digital Phase- 
Locked Loop (see next section). 

If the receive clock or transmit clock is not 
programmed to come from the TRxC pin, the out- 
put of the baud rate generator may be echoed out 
via the TRxC pin. 

The following formula relates the time constant 
to the baud rate (the baud rate is in bits/second 
and the BR clock period is in seconds). 


2(time constant + 2) X(BR clock period) 

■ Digital phase-Locked Loop 

The LH8530 contains a Digital Phase-Locked 
Loop (DPLL) to recover clock information from a 
data stream with NRZI or FM encoding. The 
DPLL is driven by a clock that is nominally 32 
(NRZI) or 16 (FM) times the data rate. The DPLL 
uses this clock, along with the data stream, to con- 
struct a clock for the data. This clock may then 
be used as the SCC receive clock, the transmit 
clock, or both. 

For NRZI encoding, the DPLL counts the 32X 
clock 60 create nominal bit times. As the 32X 
clock is counted, the DPLL is searching the incom- 
ing data stream for edges (either 1 to 0 or 0 to 1). 
Whenever an edge is detected, the DPLL makes a 
count adjustment (during the next counting cycle), 
producing a terminal count closer to the center of 
the bit cell. 

For FM encoding, the DPLL still counts from 0 
to 31, but with a cycle corresponding to two bit 
times. When the DPLL is locked, the clock edges 
in the data stream should occur between counts 15 
and 16 and between counts 31 and 0. The DPLL 
looks for edges only during a time centered on the 
15 to 16 counting transition. 

The 32X clock for the DPLL can be programmed 
to come from either the RTxC input or the output 
of the baud rate generator. The DPLL output may 
be programmed to be enchoed out of the LH8530 
via the TRxC pin (if this pin is not being used as 
an input). 
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■ Write Registers 


• Write Register 0 


Write Register 2 


d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

Di 

Do 


0 

0 

0 

“TP 

0 

1 

0 

1 

0 

_o_. 

1 

1 

i 

0 

0 

nr 

0 

1 

1 

1 

0 

1 

1 

1 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

1 

0 

0 

1 

0 

1 

1 

1 

0 

1 

1 

1 


REGISTER 0 
REGISTER 1 
REGISTER 2 
REGISTER 3 
REGISTER 4 
REGISTER 5 
REGISTER 6 
REGISTER 7 
REGISTER 8 
REGISTER 9 
REGISTER 10 
REGISTER 11 
SEGISTER 12 
REGISTER 13 
REGISTER 14 
REGISTER 15 


* 


0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

1 

0 

0 

1 

0 

1 

1 

1 

0 

1 

1 

1 


NULL CODE 
POINT HIGH 

RESET EXT/STAT INTERRUPTS 
SEND ABORT (SDLC) 

ENABLE INT ON NEXT Rx CHARACTER 
RESET TxINT PENDING 
ERROR RESET 
RESET HIGHEST IUS 


[dT 

d 6 

D 5 

d 4 

d 3 

d 2 

_Ei 

Do 


INTERRUPT 

VECTOR 


• Write Register 3 


ia 

ES 

El 

ESE9 

El 

m 


T P I Lr x enable 

SYNC CHARACTER LOAD INHIBIT 
— ADDRESS SEARCH MODE (SDLC) 
*— Rx CRC ENABLE 
— ENTER HUNT MODE 
— AUTO ENABLES 
Rx 5 BITS/CHARACTER 
Rx 7 BITS/CHARACTER 
Rx 6 BITS/CHARACTER 
Rx 8 BITS/CHARACTER 


0 

0 

0 

1 

i 

0 

l 

1 


0 

0 

0 

1 

1 

0 

1 

0 


NULL CODE 

RESET Rx CRC CHECKER 
RESET Tx CRC GENERATOR 
RESET Tx UNDERRUN/EOM LATCH 


Write Register 4 


*WITH POINT HIGH COMMAND (D 5 D4D 3 =001) 


• Write Register 1 


Dz 

De 

d 5 

d 4 

d 3 

d 2 

_Bu 

Do 


I L E XT INT ENABLE 
— Tx INT ENABLE 
•—PARITY IS SPECIAL CONDITION 


Rx INT DISABLE 

Rx INT ON FIRST CHARACTER 
OR SPACIAL CONDITION 
INT ON ALL Rx CHARACTERS 
OR SPECIAL CONDITION 

Rx INT ON SPECIAL CONDITION 
ONLY 

I L— WAIT/DMA REQUEST ON RECEIVE/TRANSMIT 
*— WAIT/DMA REQUEST FUNCTION 

l wait/dma request enable 


0 

0 

0 

1 

1 

0 

1 

1 


[E_ 

d 6 

d 5 

d 4 

d 3 

d 2 


D 0 


•-PARITY ENABLE 
•-PARITY EVEN/ODD 


0 

0 

0 

1 

1 

0 

1 

1 


SYNC MODES ENABLE 

1 STOP BIT/CHARACTER 

1 1/2 STOP BITS/CHARACTER 

2 STOP BITS/CHARACTER 


0 

0 

0 

1 

1 

0 

1 

1 


8 BIT SYNC CHARACTER 
16 BIT SYNC CHARACTER 
SDLC MODE (01111110 FLAG) 
EXTERNAL SYNC MODE 


0 

0 

0 

1 

1 

0 

1 

1 


XI CLOCK MODE 
X16 CLOCK MODE 
X32 CLOCK MODE 
X64 CLOCK MODE 
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• Write Register 5 


«a 

EH 

m 

E9 

EM 

EM 

EM 


Ltx crc enable 
— RTS 

I— SDLC/CRC-16 
1— Tx ENABLE 
—SEND BREAK 

Tx 5 BITS (OR LESS )/CHARACTER 
Tx 7 BITS/CHARACTER 
Tx 6 BITS/CHARACTER 
Tx 8 BITS/CHARACTER 

•— DTR 


0 

0 

0 

1 

1 

0 

1 

1 


• Write Register 6 


lhZj 

d 6 

D 5 

d 4 

d 3 

d 2 

fpTI 

Do 


1 


1 

r 

n 

| 

1 



SYNC 7 

SYNCe 

SYNC 5 

SYNC 4 

SYNCs 

SYNC 2 

SYNCi 

SYNCo MONOSYNC, 8 BITS 

SYNCi 

SYNCo 

SYNCs 

sync 4 

SYNCs 

SYNC 2 

SYNCi 

SYNCo MONOSYNC, 6 BITS 

sync 7 

SYNCe 

SYNCs 

sync 4 

SYNCs 

SYNC 2 

SYNCi 

SYNCo BISYNC, 16 BITS 

SYNCs 

SYNC 2 

SYNCi 

S.YNCo 

1 

1 

1 

1 

BISYNC, 12 BITS 

ADR 7 

ADR 6 

ADRs 

adr 4 

ADRs 

adr 2 

ADRi 

ADRo 

SDLC, 8 BITS 

adr 7 

ADRe 

ADRs 

adr 4 

X 

X 

X 

X 

SDLC , 4 BITS 


(ADDRESS RUN) 


• Write Register 7 


Im 

D 6 

D 5 

d 4 

Ds 

d 2 


Do 


| 

1 


r 

n 


i 

1 

sync 7 

SYNCe 

SYNCs 

sync 4 

SYNCs 

sync 2 

SYNCi 

SYNCo MONOSYNC, 8 BITS 

SYNCs 

sync 4 

SYNCs 

sync 2 

SYNCi 

SYNCo 

X 

X MONOSYNC, 6 BITS 

SYNCis 

SYNCh 

SYNCi 3 

SYNC 12 

SYNCn 

SYNCio 

SYNCg 

SYNCs BISYNC, 16 BITS 

SYNCn 

SYNCio 

SYNCg 

SYNCs 

sync 7 

SYNCe 

SYNCs 

SYNC 4 BISYNC, 12 BITS 

0 

1 

1 

1 

1 

1 

1 

0 SDLC FLAG 
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Write Register 9 


Write Register 12 


E9 

El 

m 

IM 

Bl 

Bl 

m 

m 


r 


vis 

NV 

>—DLC (IEO=“Low”) 
L— MIE 


0 

0 

0 

1 

i 

0 

i 

1 


>— STATUS HIGH/STATUS LOW 

0 

NO RESET 
CHANNEL B RESET 
CHANNEL A RESET 
FORCE HARDWARE RESET 


[dT 

D 6 

d 5 

d 4 

d 3 

d 2 

Di 

Do 


LOWER BYTE OF TIME CONSTANT 


Write Register 13 


d 7 

d 6 

d 5 

d 4 

d 3 

d 2 


Do 


UPPER BYTE OF TIME CONSTANT 


Write Register 10 


Write Register 14 


d 7 

d 6 

D 5 

d 4 

d 3 

d 2 

£l 

Do 


r 


6 BIT/8 BIT SYNC 
I LOOP MODE 


0 

0 

0 

1 

1 

0 

1 

1 


I— AB ORT /FLAG ON UNDERRUN 
l-MARK/FLAG IDLE 
GO ACTIVE ON POLL 
NRZ 
NRZI 

FM1 (TRANSITION - 1) 

FMO (TRANSITION = 0) 


L-CRC PRESET I/O 


Write Register 1 1 



9 

m 

EM 

EM 

EM 

m 

EM 


r 


0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

1 

0 

0 

1 

0 

1 

1 

1 

0 

1 

1 

1 


BR GENERATOR SOURCE 
=PCLK/RTxC PIN INPUT 

DTR /REQUEST 
FUNCTION 

AUTO ECHO 
l LOCAL LOOPBACK 

NULL COMMAND 
ENTER SEARCH MODE 
RESET MISSING CLOCK 
DISABLE DPLL 

SET SOURCE = BR GENERATOR 
SET SOURCE = RTxC 
SET FM MODE 
SET NRZI MODE 



D 6 

d 5 

d 4 

d 3 

d 2 

-2 l 

Do 


0 

0 

TRxC OUT = XTAL OUTPUT 

0 

1 

TRxC OUT = TRANSMIT CLOCK 

1 

0 

TRxC OUT = BR GENERATOR OUTPUT 

1 

1 

TRxC OUT = DPLL OUTPUT 


0 

0 

0 

1 

1 

0 

1 

1 


RTxC PIN 


1 — TRxC O/I 

TRANSMIT CLOCK = 

TRANSMIT CLOCK = TRxC PIN 
TRANSMIT CLOCK =BR GENERATOR OUTPUT 
TRANSMIT CLOCK = DPLL OUTPUT 


0 

0 

0 

1 

1 

0 

1 

1 


RECEIVE CLOCK = RTxC PIN 
RECEIVE CLOCK = TRxC PIN 
RECEIVE CLOCK = BR GENERATOR OUTPUT 
RECEIVE CLOCK — DPLL OUTPUT 


Write Register 15 


E9 

ES 

m 

EM 

E9 

EM 

E9 



r 


0 


l ZERO COUNT IE 


L— 0 
1 — DCD IE 
SYNC/HUNT IE 
1 — CTS IE 

1 — Tx UNDERRUN /EOM IE 
L— BREAK/ABORT IE 


>— RTxC XTAL/NO XTAL 
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Z8536/Z8536A Counter/Timer and Parallel I/O Unit 


■ Description 

The LH8536 Z8536 CIO Counter/Timer and /" 
Parallel I/O element is a general-purpose 
peripheral circuit, satisfying most counter/timer 
and parallel I/O needs encountered in system 
designs. This versatile device contains three I/O 
ports and three counter/timers. Many programm- 
able options tailor its configuration to specific 
applications. The use of the device is simplified 
by making all internal registers ( command, status, 
and data) readable and (except for status bits) 
writable. In addition, each register is given its 
own unique internal address, so that any register 
can be accessed in two operations. All data regis- 
ters can be directly accessed in a single opera- 
tion. The LH8536 is easily interfaced to all popular 
microprocessors. 

The LH8536A Z8536A CIO is the high speed 
version which can operate at 6 MHz system clock. 


■ Features 

1. Two independent 8-bit, double-buffered, 
bidirectional I/O ports plus a 4-bit special- 
purpose I/O port. I/O ports feature pro- 
grammable polarity, programmable direction 
(Bit mode), “pulse catchers,” and programmable 
open drain outputs. 

2. Four handshake modes, including 3-Wire (like 
the IEEE-4 88). 

3. REQUEST/WAIT signal for high-speed data 
transfer. 

4. Flexible pattern-recognition logic, program- 
mable as a 16-vector interrupt controller. 

5. Three independent 16-bit counter/timers with 
up to four external access lines per counter/ 
timer (count input, output, gate, and trigger), 
and three output duty cycles (pulsed, one-shot, 
and squarewave), programmable as retrigger- 
able or nonretriggerable. 

6. Easy to use since all registers are read/write. 


■ Pin Connections 


D4 [T 

r -s 

O 

40) D3 

Db [7 

39] D 2 

De \J 


m dj 

D 7 [T 


37] Do 

RD |T 


36] CE 

WR G[ 


13 Ao 

GND [T 


35] Ai 

PB 0 [T 


33] PAo 

PBi |T 


32 ] PAi 

PB2 Eo 


3l] pa 2 

pb 3 in 


3C| PA 3 

PBi n 

' 

29] PAi 

PBs 11 


11 pa 5 

PBe 0E 


11 PAe 

PB? E 


1 PA? 

PCLK E 


1] INTACK 

IEI E 


13 INT 

IEO E 


H +5V 

pco E 


1 PC 3 

pci E 


D pc 2 


V J 

Top View 
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Pin 

Meaning 

I/O 

Function 

Ao, Ai 

Address select 

I 

Register select lines 

CE 

Chip enable 

I 

Active low. A low level on this input enables the CIO to 
be read from or written to. 

D 0 -D 7 

Data bus 

Bidirectional 

3-state 

System data bus 

IEI 

Interrupt enable input 

I 

Active high. IEI is used to form an interrupt daisy chain 
which determines the interrupt priority order. 

IEO 

Interrupt enable output 

0 

Active high. IEO is used to form an interrupt daisy 
chain which determines the interrupt priority order. 

INT 

Interrupt request 

0 

Active low, open-drain. Indicates an interrupt to the 
CPU. 

INTACK 

Interrupt acknowledge 

I 

Active low. Indicates that an interrupt acknowledge cy- 
cle is in progress. 

pa 0 ~pa 7 

I/O port lines 

Bidirectional 

3 -state 

Parallel I/O 

pb 0 ~pb 7 

I/O port lines 

Bidirectional 

3 -state 

Parallel I/O 

PC 0 ~PC 3 

I/O port lines 

Bidirectional 

3 -state 

Parallel I/O 

RD 

Read 

I 

Active low. Indicates that a CPU is reading. 

WD 

Write 

I 

Active low. Indicates that a CPU is writing. 

PCLK 

Clock 

I 

Single-phase clock. It does not have to be the CPU clock. 
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■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 

Input voltage 

VlN 

— 0.3 — VI 

V 

1 

Output voltage 

VOUT 

— 0.3 — f-7 

V 

1 

Operating temperature 

Topr 

0 — H70 

°C 


Storage temperature 

Tstg 

-65- + 150 

°C 



Note 1: The maximum applicable voltage on any pin .with respect to GND. 


+ 5V 


+ 5V 



From output 
under test * 




2kO 


:50pF 


Open-drain test load 


■ DC Characteristics ( Vcc=5V±5%, Ta=o~+70°c ) 


Parameter 

Symbol 

Conditions 

MIN. 

MAX. 

Unit 

Input high voltage 

VlH 


2 

Vcc+0.3 

V 

Input low voltage 

VlL 


-0.3 

0.8 

V 

Output high voltage 

VOH 

Ioh= — 250 juA 

2.4 


V 

Output low voltage 

VOL 

Iol— 2mA 


0.4 

V 

Iol= 3.2mA 


0.5 

V 

Input leakage current 

1 IlL | 

0.4 S Vin £ 2.4V 


10 

M 

Output leakage current 

1 IOL | 

0.4 £ Vout £ 2.4V 


10 

M 

Supply current 

Icc 



200 

mA 


I Capacitance ( f=iMHz..Ta=o~+70°c ) 


Parameter 

Symbol 

Conditions 

MIN. 

MAX. 

Unit 

Input capacitance 

ClN 

Unmeasured Pins 

Returned to Ground 


10 

pF 

Output capacitance 

Cout 


15 

pF 

Bidirectional capacitance 

Ci/o 


20 

pF 


■ AC Characteristics 

(1) CPU interface timing, interrupt timing, and interrupt acknowledge timing 


No. 

Symbol 

Conditions 

LH8536 | 

LH8536A j 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

1 

TcPC 

PCLK cycle time 

250 

4000 

165 

4000 

ns 


2 

TwPCh 

PCLK width (high) 

105 

2000 

70 

2000 

ns 


3 

TwPCl 

PCLK width (low) 

105 

2000 

70 

2000 

ns 


4 

TrPC 

PCLK rise time 


20 


10 

ns 


5 

TfPC 

PCLK fall time 


20 


15 

ns 


6 

TsIA(PC) 

INTACK to PCLK t setup time 

100 


100 


ns 


7 

ThlA(PC) 

INTACK to PCLK t hold time 

0 


0 


ns 


8 

TsIA(RD) 

INTACK to RD i setup time 

200 


200 


ns 


9 

ThlA(RD) 

INTACK to RD t hold time 

0 


0 


ns 


10 

TsIA(#R) 

INTACK to WR | setup time 

200 


200 


ns 
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No. 

Symbol 

| 

Parameter 

LH8536 

LH8536A 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

11 

ThlA(WR) 

INTACK to WR t hold time 

0 


0 


ns 


12 

TsA(AD) 

Address to RD J setup time 

80 


80 


ns 


13 

ThA(RD) 

Address to RD t hold time 

0 


0 


ns 


14 

TsA(WR) 

Address to WR J setup time 

80 


80 


ns 


15 

ThA(WR) 

Address to WR t hold time 

0 


0 


ns 


16 

TsCEl(RD) 

CE low to RD [ setup time 

0 


0 


ns 

1 

17 

TsCEh(RD) 

CE high to RD 1 setup time 

100 


70 


ns 

1 

18 

ThCE(RD) 

CE to RD t hold time 

0 


0 


ns 

1 

19 

TsCEl(WR) 

CE low to WR l setup time 

0 


0 


ns 


20 

TsCEh(WR) 

CE high to WR i setup time 

100 


70 


ns 


21 

ThCE(WR) 

CE to WR T hold time 

0 


0 


ns 


22 

TwRDl 

RD low width 

390 


250 


ns 

1 

23 

TdRD(DAR) 

RD J to read data active delay 

0 


0 


ns 


24 

TdRDf(DR) 

RD i to read data valid delay 


255 


180 

ns 


25 

TdRDr(DR) 

RD t to read data not valid delay 

0 


0 


ns 


26 

TdRD(DRz) 

RD t to read data float delay 


70 


45 

ns 

2 

27 

TwWRl 

WR low width 

390 


250 


ns 


28 

TsDW(WR) 

Write data to WR 1 setup time 

0 


0 


ns 


29 

ThDW(WR) 

Write data to WR t hold time 

0 


0 


ns 


30 

Trc 

Valid access recovery time 

1000 


650 


ns 

3 

31 

TdPM(INT) 

Pattern match to INT delay(bit port) 


2 + 800 


2 

ns 

6 

32 

TdACK(INT) 

ACKIN to INT delay(port with handshake) 


10+600 


10 

ns 

4,6 

33 

TdCI(INT) 

Counter input to INT delay(counter mode) 


2 + 700 


2 

ns 

6 

34 

TdPC(INT) 

PCLK to INT delay(time mode) 


3 + 700 


3 

ns 

6 

35 

TsIA(RDA) 

INTACK to RD i (acknowledge)setup time 

350 


250 


ns 

5 

36 

TwRDA 

RD(acknowledge)width 

350 


250 


ns 


37 

TdRDA(DR) 

RD i (acknowledge)to read data valid delay 


250 


180 

ns 


38 

TdlA(IEO) 

INTACK i toIEO i delay 


350 


250 

ns 

5 

39 

TdlE(IEO) 

IEI to IEO delay 


150 


100 

ns 

5 

40 

TsIEI(RDA) 

IEI to RD i (acknowledge) setup time 

100 


70 


ns 

5 

41 

ThlEI(RDA) 

IEI to RD t (acknowledge) hold time 

100 


70 


ns 


42 

TdRDA(INT) 

RD i (acknowledge)to INT t delay 


600 


600 

ns 



Note 1: Paramater does not apply to Interrupt Acknowledge 
transactions. 

Note 2: Float delay is measured to the time when the output has 
changed 0.5 V with minimum AC load and maximum DC 
load. 

Note 3: Trc is the specified number or 3 TcPC, whichever is 
longer. 

Note 4: The delay is from DAV 1 for 3-Wire Input Handshake. 
The delay is from DAC f for 3-Wite Output Hand- 
shake. 

Note 5: The parameters for the devices in any particular daisy 
chain must m eet the _fol lowing constraint: The delay 
from INTACK I to RD i must be greater than the 
sum of TdlA(IEO)for the highest priority peripheral, 
TsIEI(RDA)for the lowest priority peripheral, and 
TdIEI(IEO)for each peripheral separating them in the 
chain. 

Note 6: Units are equal to TcPC plus ns. 
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(2) Handshake timing 


No. 

Symbol 

Parameter 

LH8536 1 

LH8536A | 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

1 

TsDI(ACK) 

Data input to ACKIN 1 (DAV 1 ) setup time 

0 


0 


ns 


2 

ThDI(ACK) 

Data input to ACKIN i hold time strobed 
handshake 





ns 


3 

TdACKf(RFD) 

ACKIN J (DAV j ) to RFD i delay 

0 


0 


ns 


4 

TwACKl 

ACKIN low width strobed handshake 





ns 


5 

TwACKh 

ACKIN high width strobed handshake 





ns 


6 

TdRFDr(ACK) 

RFD t to ACKIN l (DAV i ) delay 

0 


0 


ns 


7 

TsDO(DAV) 

Data out to DAV i setup time 

25 


20 


ns 

1 

8 

TdDAVf(ACK) 

DAV i to ACKIN i delay 

0 


0 


ns 


9 

ThDO(ACK) 

Data out to ACKIN i hold time 

2 


2 


ns 

2 

10 

TdACK(DAV) 

ACKIN J to DAV t delay 

2 


2 


ns 

2 

11 

ThDI(RFD) 

Data input to RFD i hold time interlocked 
handshake 





ns 


12 

TdRFDf(ACK) 

RFD I to ACKIN t delay interlocked hand- 
shake 

0 


0 


ns 


13 

TdACKr(RFD) 

ACKIN t (DAV t ) to RFD T delay interlock- 
ed and 3 -wire handshake 

0 


0 


ns 


14 

TdDAVr(ACK) 

DAV t to ACKIN t (RFD t ) interlocked and 
3-wire handshake 

0 


0 


ns 


15 

TdACK(DAV) 

ACKIN t (RFD t ) to DAV J delay inter- 
locked and 3-wire handshake 

0 


0 


ns 


16 

TdDAVIf(DAC) 

DAV 1 to DAC t delay input 3-wire handshake 

0 


0 


ns 


17 

ThDI(DAC) 

Data input to DAC t hold time 3-wire handshake 

0 


0 


ns 


18 

TdDACOr(DAV) 

DAC t to DAV t delay input 3-wire hand- 
shake 

0 


0 


ns 


19 

TdDAVIr(DAC) 

DAV T to DAC i delay input 3-wire hand- 
shake 

0 


0 


ns 


20 

TdDAVOf(DAC) 

DAV i to DAC t delay output 3-wire hand- 
shake 

0 


0 


ns 


21 

ThDO(DAC) 

Data output to DAC t hold time 3-wire hand- 
shake 

2 


2 


ns 

2 

22 

TdDACIr(DAV) 

DAC t to DAV t delay output 3-wire hand- 
shake 

2 


2 


ns 

2 

23 

TdDAVOr(DAC) 

DAV t to DAC i delay output 3-wire hand- 
shake 

0 


0 


ns 



Note 1: This time can be extended through the use of deskew timers. 


Note 2: Units equal to TcPC. 
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3-wire handshake 


(3) Counter/timer timing 


No. 

Symbol 

Parameter 

LH8536 | 

| LH8536A | 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

1 

TcCI 

Counter input cycle time 

500 


330 


ns 


2 

TCIh 

Counter input high width 

230 


150 


ns 


3 

TWCI1 

Counter input low width 

230 


150 


ns 


4 

TfCI 

Counter input fall time 


20 


15 

ns 


5 

TrCI 

Counter input rise time 


20 


15 

ns 


6 

TsTI(PC) 

Trigger input to PCLK J setup time (timer mode) 





ns 

1 

7 

TsTI(CI) 

Trigger input to counter input 1 setup time (counter mode) 





ns 

1 

8 

TwTI 

Trigger input pulse width (high or low) 





ns 


9 

TsGI(PC) 

Gate input to PCLK i setup time (timer mode) 





ns 

1 

10 

TsGI(CI) 

Gate input to counter input 1 setup time (counter mode) 





ns 

1 

11 

ThGI(PC) 

Gate input to PCLK I hold time (timer mode) 





ns 

1 

12 

ThGI(CI) 

Gate input to counter input 1 hold time (counter mode) 





ns 

1 

13 

TdPC(CO) 

PCLK to counter output delay (timer mode) 





ns 


14 

TdCI(CI) 

Counter input t to counter output delay (counter mode) 





ns 



Note 1: These parameters must be met to guarantee trigger or gate are valid for the next counter /timer cycle. 
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■ Functional Description 

(1) I/O port operations 

Of the LH8536 three I/O ports, two (Ports A 
and B) are general purpose, and the third (Port C) 
is a special purpose 4-bit port. Ports A and B can 
be configured as input, output, or bidirectional 
ports with handshake. (Four different handshakes 
are available.) They can also be linked to form a 
single 16-bit port If they are not used as ports 
with handshake, they provide 16 input or output 
bits with the data direction programmable on a bit- 
by-bit basis. Port B also provides access for Coun- 
ter/Timers 1 and 2. In all configurations, ports A 
and B can be programmed to recognize specific 
data patterns and to generate interrupts when the 
pattern is encountered. 

The four bits of Port C provide the handshake 
lines for Ports A and B when required. A RE- 
QUEST/WAIT line can also be provided so that 
LH8536 transfers can be synchronized with DMAs 
or CPUs. A ny Port C bits not uded for handshake or 
REQUEST/ WAIT can be used as input or output 
bits (individually data-direction programmable) or 
external access lines for Counter/Timer 3. Port C 
does not contain any pattern-recognition logic. It is, 
however, capable of bit-addressable Writes. With this 
feature, any combination of bits can be set and/or 
cleared while the other bits remain undisturbed with- 
out first reading the register. 


(2) Bit port operations 

In bit port operations, the port’s Data Direction 
register specifies the direction of data flow for 
each bit. Port C has the additional feature of bit- 
addressable writes. When writing to Port C, the 
four most significant bits are used as write protect 
mask for the least significant bits (0-4, 1-5, 2-6, 
and 3-7). If the write protect bit is written with a 
1, the state of the corresponding output bit is not 
changed. 

The capability of inverting the data path can be 
provided, and output can be specified as open- 
drain. 

(3) Ports with handshake operation 

Ports A and B can be specified as 8-bit input, 
output, or bidirectional ports with handshake. The 
LH8536 provides four different handshakes for its 
ports: Interlocked, Strobed, Pulsed, and 3-Wire. 

The port can be set as if it is only single-buffered. 
This is useful if the handshake line must be stopped 
on a byte-by-byte basis. 

Ports A and B can be linked to form a 16-bit 
port. ' v 

In this mode, Post A must be specified for hand- 
shake, and Port B must be specified as a bit port. 
When linked, only Port A has pattern-match capa- 
bility. Port B’s pattern match capabiliy must be 
disabled. 
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Table 1 Port C bit utilization 


Port A/B Configuration 

PC3 

PC2 

PCi 

PCo 

Port A and B: Bit port 

Bit I/O 

Bit I/O 

Bit I/O 

Bit I/O 

Port A: Input or output port 
(interlocked, strobed, or pulsed 
handshake) 



REQUEST/WAIT(0) 
or Bit I/O 

Bit I/O 

RFD or DAV(O) 

ACKIN(I) 

Port B: Input or output port 
(interlocked, strobed, or pulsed 
handshake) 


Bit I/O 

RFD or DAV(O) 


REQUEST / W AIT(O) 

or Bit I/O 

ACKIN 

(I) 

Port A or B: Input port (3-wire 
handshake) 

RFD(O) 

DAV(I) 

REQUEST / W AIT(O) 
or Bit I/O 

DAC(O) 

Port A or B: Output port (3-wire 
handshake) 

DAV(0) 

! 

DAC(I) 

REQUEST/ WAIT(O) 
or Bit I/O 

RFD(I) 

Port A or B: Bidirectional port 
(interlocked or strobed handshake) 



REQUEST/WAIT(0) 

. or Bit I/O 

- 

RFD or DAV(O) 

ACKIN(I) 

IN/0UT(I/0) 


* Both Ports A and B can be specified input or output with Interlokced, Strobed, Pulsed Handshake at the same time if RFQUEST/WAIT. 


(4) Interlocked handshake 

In the Interlocked handshake mode, the action of 
the LH8536 must be acknowledged by the external 
device before the next action can take place. Fi- 
gure 1 shows timing for Interlocked Handshake. 
An output port does not indicate that new data is 
available until the external device indicates it is 
ready for the data. Similarly, an input port does not 
indicate that it is ready for new data until the data 
source indicates that the previous byte of the data 
is no longer available, thereby acknowledging the 
input port’s acceptance of the last byte. This allows 
the LH8536 to interface directly to the port of a Z8 
microcomputer, a UPC, an FIO, an FIFO, or to 
another CIO port with no external logic. 
i A 4-bit deskew timer can be inserted in the Data 
Available (DAV) output for output ports. 

The deskew timer guarantees that the output 
data is valid for a specified minimum amount of 
time. 

• Deskew timers are available for output ports in- 
dependent of the type of handshake employed. 

(5) Strobed handshake. 

In the Strobed handshake mode, data is “strobed” 
into or out of the port by the external logic. Fig. 1 
shows timing for the Strobed handshake. IN contrast 
to the Interlocked handshake, the signal indicating 
the port is ready for anothe r data transfer operates 
independently of the ACKIN input. It is up to the ex- 
ternal logic to ensure that data overflows or under- 
flows do not occur. 


INPUT HANDSHAKE 


DATA X VALID X " 


ACKIN 

(INPUT) 


RFD 

(OUTPUT) 

DATA LATCHED 
IN BUFFER 
REGISTER 


STROBED 

^shake_22 


yr 


HANDj 




fiata mcvfti INTERLOCKED 
TO INPUT HANDSHAKE 

REGISTER 


OUTPUT HANDSHAKE 
DATA j( NEXT BYTE 



DAV 
(OUTPUT) 

BUFFER 

REGISTER 

“EMPTIED” 


INTERLOCKED 
. HANDSHAKE 

V 


^STROBED 
NEXT BYTE HANDSHAKE 
SHIFTED FROM 
OUTPUT REGISTER TO 
BUFFER REGISTER 


Fig.l Interlocked and strobed handshakes 
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(6) 3-wire handshake 

The 3 -wire handshake is designed for the situa- 
tion in which one output port is communicating 
with many input ports simultaneously. It is essen- 
tially the same as the Interlocked handshake, ex- 
cept that two signals are used to indicate if an input 
port is ready for new data or if it has accepted the 
present data (Fig. 2). With the 3-wire handshake, 
the output lines of many input ports can be bussed 
together with open-drain drivers; the output port 
knows when all the ports have accepted the data 
and are ready. This is the same handshake as is 
used on the IEEE-488 bus. Because this handshake 
requires three lines, only one port (either A or B) 
can be a 3-wire handshake port at a time. The 3- 
wire handshake is not available for the bidirectional 
mode. Because the port’s direction can be changed 
under software control, however, bidirectional IEEE- 
488-type transfers can be performed. 


INPUT HANDSHAKE 


DATA X VA LIP) C 


DAV 

(INPUT) 

~h 



_/L 



RFD 

(OUTPUT) 

(\A_ 


A- data SHIFTFP 

v v ^ 


TO INPUT 

DAC 


\ 

REGISTER 

(OUTPUT) 

— V 

X DATA LATCHED 


IN BUFFER REGISTER 


OUTPUT HANDSHAKE 


DATA 


RFD 

(INPUT) 

DAC 
(INPUT) - 



LAST ONE 


DESKEW TIME 


DAV 

[(OUTPUT) \ NEXT BYTE 

BUFFER REGISTER SHIFTED FROM 

“EMPTIED” OUTPUT REGISTER TO 

BUFFER REGISTER 

Fig. 2 3-wire handshake 


(7) Pulsed handshake 

The Pulsed handshake (Fig. 3) is designed to in- 
terface to mechanical-type devices that require 
data to be held for long periods of time and need 
relatively wide pulses to gate the data into or out 
of the device. The logic is the same as the Inter- 
locked handshake mode, except that an internal 


counter/timer is linked to the handshake logic. 

The counter/timer maintains all of its normal 
capabilities. This handshake is not available for 
bidirectional ports. 



(8) Pattern-recognition logic operation 

Both Ports A and B can be programmed to 
generate interrupts when a specific pattern is rec- 
ognized at the port. The pattern-recognition logic 
is independent of the port application, thereby 
allowing the port to recognize patterns in all of its 
configurations. The pattern can be independently 
specified for each bit as 1, 0, rising edge, falling 
edge, or any transition. Individual bits may be 
masked off. 

(9) Bit port pattern-recognition operations 

During bit port operations, pattern-recognition 
may be performed on all bits, including those used 
as I/O for the counter/timers. 

The pattern -recognition logic of bit ports oper- 
ates in two basic modes: transparent and latched. 
In transparent mode, the interrupt indicates that a 
specified pattern has occurred, but a read of the 
Data register does not necessarily indicate that 
state of the port at the time the interrupt was 
generated. In the Latched mode, the state of all the 
port inputs at the time the interrupt was generated 
is latched in the input register and held until IP is 
cleared. 

(10) Counter/timer operation 

The three independent 16-bit counter/timers 
consist of a presettable 16-bit down counter, a 16^ 
bit Time Constant register, a 16-bit Current Coun- 
ter register, an 8-bit Mode Specification register, 
an 8-bit Command and Status register, and the 
associated control logic that links these registers. 

The flexibility of the counter/timers is enhanced 
by the provision of up to four lines per counter/ 
timer (counter input, gate input, trigger input, and 
counter/timer output) for direct external control 
and status. Counter/Timer l’s external I/O lines are 
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provided by the four most significant bits of port B. 

Counter /Timer 2’s are provided by the four least 
significant bits of Port B. Counter /Timer 3’s external 
I/O lines are provided by the four bits of Port C. The 
utilization of these lines (Table 2) is programmable 
on a bit-by-bit basis via the Counter/Timer Mode 
Specification registers. 


Table 2 Counter/timer external access 


Function 

C/Tl 

C/T2 

C/T3 

Counter/Timer Output 

PB4 

PBo 

PCo 

Counter Input 

PBs 

PBi 

PCi 

Trigger Input 

PBe 

PB2 

PC 2 

Gate Input 

PB? 

PBs 

PCs 


Lines used for counter/timer I/O have the same 
characteristics as simple input lines, they can be 
specified as inverting or noninverting; they can be 
read and used with the pattern-recognition logic. 
They can also include the l’s catcher input. 

Counter/Timers 1 and 2 can be linked inter- 
nally in three different ways. Counter/Timer l’s 
output (inverted) can be used as Counter/Timer 


2’s trigger, gate, or counter input. 

When linked, the counter/timers have the same 
capabilities as when used separately. The only res- 
triction is that when Counter/Timer 1 drives 
Counter 2’s count input, Counter /Timer 2 must be 
programmed with its external count input disabled. 

There are three duty cycles available for the 
timer / counter output: pulse, one-shot, and square- 
wave . Fig. 4 shows the counter /timer waveforms. 

Counter/timer operations require loading the 
time constant value in the Time Constant register 
and initiating the countdown sequence by loading 
the down-counter with the time constant value. 
The Time Constant register is accessed as two 8- 
bit registers. The registers are readable as well as 
writable, and the access order is irrelevant. 

Once the down-counter is loaded, the countdown 
sequence continues toward terminal count as long 
as all the counter/timers’ hardware and software 
gate inputs are High. If any of the gate inputs Low 
(0), the countdown halts. It resumes when all gate 
inputs are 1 again. 


PCLK/2 OR 
COUNTER INPUT 



TRIGGER 


GATE 


PULSE OUTPUT 

ONE SHOT OUTPUT 

SQUARE WAVE OUTPUT 
(FIRST HALF) 

SQUARE WAVE OUTPUT 
(SECOND HALF) 


|tc | TC-l|TC-l|TC-2| • • • I 1 


TC 

OR 

_ 0 _ 




if- 

if- 


Fig. 4 Counter/timer waveforms 
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■ Internal Registers 
The followings illustrate the contents of the 
registers and, in addition, given to register 
address summary. 

• Master Interrupt Control Register (MICR) 


Address I 000000 
( Read/Write) 


d 7 

d 6 

d 5 

d 4 

d 3 

— 

D2 

Di 

Do 


MASTER INTERRUPT J 
ENABLE (MIE) 

DISABLE LOWER CHAIN (DLC) — 
NO VECTOR (NV)_ 

PORT A VECTOR INCLUDES_ 
STATUS (PA VIS) 

PORT B VECTOR INCLUDES 

STATUS (PB VIS) 


Lreset 

.RIGHT JUSTIFIED ADDRESSES 

0 = SHIFT LEFT (Ao from ADi) 

1 = RIGHT JUSTIFY ( Ao from ADo ) 
COUNTER/TIMERS VECTOR 
INCLUDES STATUS (CT VIS) 


• Master Configuration Control Register (MCCR) 


Address ‘ 000001 
(Read/Write) 


D 7 

D 6 

d 5 

d 4 

d 3 

d 2 

Di 

Do 


PORT B ENABLE (PBE)-J 
COUNTER/TIMER 1 ENABLE (CT1E)— I 

COUNTER/TIMER 2 ENABLE (CT2E) 

PORT C AND COUNTER/TIMER 3 ENABLE 

(PCE AND CT3E) 


COUNTER/TIMER 
I LINK CONTROLS (LC) 

LC1 LC 0 

0 0 COUNTER/TIMERS INDEPENDENT 

0 1 C/T l's OUTPUT GATES C/T 2 

1 0 C/T l's OUTPUT TRIGGERS C/T 2 

" 1 1 C/T l's OUTPUT IS C/T 2's 

COUNT INPUT 
PORT A ENABLE (PAE) 

1 — PORT LINK CONTROL (PLC) 

0 = PORTS A AND B OPERATE INDEPENDENTLY 

1 = PORTS A AND B ARE LINKED 


• Port Mode Specification Register (PMSR) 

Addresses : 1100000 Port A 
101000 Port B 

(Read/Write) 


| D 7 1 D 6 

PORT TYPE . 

PTS 1 PTSO SELECTS <Pfs)J7 
0 0 BIT PORT 

0 1 INPUT PORT 

1 0 OUTPUT PORT 

1 1 BIDIRECTIONAL PORT 

INTERRUPT ON TWO BYTES (ITB) — 
SINGLE BUFFERED MODE (SB) 


D s 


INTERRUPT ON MATCH ONLY ( IMO)- 


D3 Dz Di Do 


l latch on pattern match (lpm) 

(BIT MODE) 

DESKEW TIMER ENABLE (DTE) 
(HANDSHAKE MODES) 

-PATTERN MODE SPECIFICATION BITS (PMS) 
PMS 1 PMS 0 

0 0 DISABLE PATTERN MATCH 

0 1 “ AND” MODE 

1 1 “OR” MODE 

1 1 “OR PRIORITY ENCODED 

VECTOR” MODE 
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• Port Handshake Specfication Registers (PHSR) 


Addressess 


100001 Port A 
101001 Port B 


(Read/Write) 


HANDSHAKE TYPE 

SPECIFICATION BITS (HTS) 1 

HTS1 HTS 0 

0 0 INTERLOCKED HANDSHAKE 

0 1 STROBED HANDSHAKE 

1 0 PULSED HANDSHAKE 

1 1 THREE-WIRE HANDSHAKE 


d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

Di 

Do 



-DESKEW TIME SPECIFICATION 
-BITS 

SPECIFIES THE MSB's OF 
DESKEW TIMER TIME CONSTANT. 
LSB IS FORCED 1. 

REQUEST/WAIT SPECIFICATION BIT(RWS) 

RWS 2 RWS 1 RWS 0 FUNCTION 


REQUEST/WAIT DISABLED 
OUTPUT WAIT 
INPUT WAIT 
SPECIAL REQUEST 
OUTPUT REQUEST 
INPUT REQUEST 


• Port Command and Status Registers (PCSR) 


Addresses ' 001000 Por A 
001001 Por B 


(Read/Partial Write) 


INTERRUPT UNDER 
SERVICE (IUS) 
INTERRUPT ENABLE (IE) 
INTERRUPT PENDING (IP) 
IUS, IE, AND IP ARE WRITTEN 
USING THE FOLLOWING CODE : 


d 7 

d 6 

d 5 

d 4 

d 3 

l2l 

D l 

Do 


iJ 


Linterrupt ON ERROR (IOE) 

— PATTERN MATCH FLAG (PMF ) 
(READ ONLY) 

— INPUT REGISTER FULL (IRF) 
(READ ONLY) 


NULL CODE 

0 

0 

0 

CLEAR IP & IUS 

0 

0 

1 

SET IUS 

0 

1 

0 

CLEAR IUS 

0 

1 

1 

SET IP 

1 

0 

0 

CLEAR IP 

1 

0 

1 

SET IE 

1 

1 

0 

CLEAR IE 

1 

1 

1 


OUTPUT REGISTER EMPTY (ORE) 
(READ ONLY) 

INTERRUPT ERROR (ERR) 

(READ ONLY) 
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• Data Path Polarity Registers (DPPR) 

Addresses : 100010 Port A 
101010 Port B 

000101 Port C(4 LS Bs only) 
(Read/Write) 


d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

Di 

Do 



n ; 

DATA PATH POLARITY ( DPP) 
0 = NON-INVERTING 
1= INVERTING 


• Special I/O Control Registers (SIOCR) 

Addresses *. 100100 Port A 
101100 Port B 

000111 Port C (4 LSBs only) 


(Read/Write) 


D? 

d 6 

D 5 

d 4 

d 3 

d 2 

Di 

Do 


SPECIAL INPUT/OUTPUT (SIO) 

0 = NORMAL INPUT OR OUTPUT 

1 = OUTPUT WITH OPEN DRAIN OR 

INPUT WITH l's CATCHER 


• Port Data Registers (PDR) 

Addresses I 001101 Port A* 

• Data Direction Registers (DDR) 001110 Port b* 

(Read/Write) 


Addresses I 100011 Port A 
101011 Port B 

000110 Port C (4 LSBs only) 
(Read/Write) 


d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

Di 

D 0 


1 

DATA DIRECTION (DD) 
0= OUTPUT BIT 
1 = INPUT BIT 


*These registers can be addressed directly. 


• Pattern Polarity Registers (PPR) 


d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

D! 

Do 


• Port C Data Registers (PCDR) 


Address : 001111* 

( Read/Write) 



De 

d 5 

d 4 

Dsj 

d 2 

Di 

Do 


4 MSBs 


0 = WRITING OF CORRESPONDING LSB ENABLED 

1 = WRITING OF CORRSPONDING LSB INHIBITED 

(READ RETURNS 1) 


Addresses I 100101 Port A 
101101 Port B 
(Read/Write) 


d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

D, 

Do 


Pattern Transition Registers (PTR) 


Addresses ^ 100110 Port A 
101110 PortB 
(Read/Write) 


• Pattern Mask Registers (PM R) 


Addresses ‘ 100111 Port A 
101111 Port B 
(Read/Write) 


d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

Dl 

Do 



d 7 

d 6 

d 5 

d 4 

D 3 

d 2 

Di 

Do 


PM PT 
0 0 


0 

> 1 
1 
1 
1 


PP PATTERN SPECIFICATION 
X BIT MASKED OFF 
X ANY TRANSITION 

0 ( ZERO 

1 ONE 

0 ONE TO ZERO TRANSITION^) 

1 ZERO-TO-ONE TRANSITION (/ ) 
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• Counter/Timer Command Status Registers (CTCSR) 


Addresses ‘ 001010 Counter/Timer 1 
001011 Counter/Timer 2 
001100 Counter/Timer 3 
( ead/Partial Write) 


INTERRUPT UNDER 
SERVICE (IUS) 


d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

Di 

Do 


L 


INTERRUPT ENABLE (IE) 

INTERRUPT PENDING (IP)' 
IUS, IE, AND IP ARE WRITTEN 
USING THE FOLLOWING CODE : 


NULL CODE 

0 

0 

0 

CLEAR IP & IUS 

0 

0 

1 

SET IUS 

0 

1 

0 

CLEAR IUS 

L2_ 

1 

1 

SET IP 

1 

0 

0 

CLEAR IP 

1 

0 

1 

SET IE 

1 

1 

0 

CLEAR IE 

1 

1 

1 


COUNT IN PROGRESS (CIP) 

(READ ONLY) 

TRIGGER COMMAND BIT (TCB) 
(WRITE ONLY READ RETURNS 0) 
GATE COMMAND BIT (GCB) 

READ COUNTER CONTROL (RCC) 
(READ/SET ONLY - 
CLEARED BY READING CCR LSB) 
INTERRUPT ERROR (ERR) 

(READ ONLY) 


• Counter/Timer Mode Specifications Registers (CTMSR) 


Addresses * 011100 Counter/Timer 1 
011101 Counter/Timer 2 
Counter/Timer 3 
(Read/Write) 


)J 


CONTINUOUS SIN- 
GLE CYCLE (C/SC) 
EXTERNAL OUTPUT ENABLE (EOE 
EXTERNAL COUNT ENABLE (ECE) 


d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

Di 

Do 


J 


EXTERNAL TRIGGER ENABLE (ETE)- 
EXTERNAL GATE ENABLE (EGE) 


1 OUTPUT DUTY CYCLE 

1 -SELECTS (DCS) 

DCS 1 DCSO 

0 0 PULSE OUTPUT 

0 1 ONE-SHOT OUTPUT 

1 0 SQUARE-WAVE OUTPUT 

1 1 DO NOT SPECIFY 

RETRIGGER ENABLE BIT (REB) 


• Counter/Timer Current Count Registers (CTCCR) 


Addresses I 010000 Counter/Timer 

Ts 

MSB 

010001 Counter/Timer 

l's 

LSB 

010010 Counter/Timer 

2's 

MSB 

010011 Counter/Timer 

2's 

LSB 

010100 Counter/Timer 

3's 

MSB 

010101 Counter/Timer 

3's 

LSB 

(Read Only) 




d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

Di 

Do 

d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

Di 

Do 


MOST SIGNIFICANT BYTE ^ J LEAST SIGNIFICANT BYTE 
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• Counter/Timer Time Constant Registers (CTTCR) 


Addresses 010110 Counter/ Timer Ts MSB 
010111 Counter/Timer Ts LSB 
011000 Count er/Timef 2's MSB 
011001 Counter/Timer 2's LSB 
011010 Counter/Timer 3's MSB 
011011 Counter/Timer 3's LSB 


(Read/Write) 


d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

Dr 

Do 

d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

Dr 

Do 


MOST SIGNIFICANT BYTE 


LEAST SIGNIFICANT BYTE 


• Interrupt Vector Register (IVR) 

Addresses .* 000010 Port A 
000011 Port B 
000100 Counter/Timers 
(Read/Write) 


d 7 

d 6 

d 5 

d 4 

d 3 

D2 

D, 

Do 


INTERRUPT VECTOR 


• Port Vector Status 


• Counter/Timer Status 


d 2 

Di 


0 

0 

C/T3 

0 

1 

C/T2 

1 

0 

C/Tl 

1 

1 

Error 


• Current Vector Register (CVR) 


( 1 ) Priority Encoded Vector Mode 


D3 D2 Dx 

1 ( 

XXX 

Number of highest priority bit with a match 


( 2 ) All Other Mode 


D3 D2 Di 


ORE IRF PMF 

Normal 

0 0 0 

Error 


Address : 011111 


(Read only) 


D- 

d 6 

d 5 

d 4 

d 3 

d 2 

d 4 

Do 



INTERRUPT VECTOR BASED 
ON HIGTEST PRIORITY 
UNMASKED IP. 

IF NO INTERRUPT PENDING 
ALL l's OUTPUT. 
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LH8571 


Serial Parallel Combination Controller 


■ Description 

The LH8571 (SPCC71) is a peripheral interface 
device for general purpose microcomputer systems 
with two main control functions for an RS232C in- 
terface and Centronics interface, all within a single 
LSI chip. 

The LH8571 provides a serial port for transfer- 
ring data in asynchronous mode and an 8 -bit para- 
llel port with handshaking function as a Centronics 
interface. 

The LH8571 has 24 commands for controlling 
these ports. The commands not only control the op- 
eration of RS232C teminal units and printers, but 
handle various utilities (e.g.,code conversion) neces- 
sary for these units. Accordingly, the CPU needs 
merely to specity an operation through the com- 
mands, thus significantly reducing the CPU’s load 
in handling I/O units through the program, and 
eventually reducing the amount of memory needed 
for storing the program. 

The LH8 571 contr ols th e peripheral unit control 
lines (e.g.,RTS and CTS of RS232C interface) 
according to the status of the units, instead of by 
software control from the CPU. Consequently, the 
system designer can configure the interface merely 
by connecting buffer devices and connectors. 


■ Pin Connections 


' +5V [T 

r \ 

O 

40] RxD 

PCLK |T 

39] TxD 

IEO [T 


38] DTR 

IEI [7 


37] CTS 

INT U 


H DCD 

INTACK [? 


1 RTS 

RD |T 


34 ] SLCT 

WR U 


33 ] INPUT PRIME 

A/D [7 


32] BUSY 

cs Qo 


U FAULT 

GND QT 


30] ACKNLG 

WAIT m 


H DATA STROBE 

DB? \u 


28l DATAs 

DBe 


27] DATA7 

DBs H 


26] DATAe 

db 4 d 


25} DATAs 

DBs QZ 


U\ DATA 4 

db 2 d 


23] DATAs 

DBi d 


22 ] DATA 2 

DBo dj 


1] DATAi 


V J 

Top View 


■ Features 

1. Asynchronous data transfer serial port 

• RS232C interface can easily be realized. 

2. Printer control parallel port 

• Centronics interface can easily be realized. 

3. Data transfer and conversion functions by com- 
mand. 

• 24 commands. 

4. Data conversion function. 

• Serial parallel conversion. 

• Binary- ASCII conversion. 

• Intel hex, format acceptable for data input/ 
output. 

5. 128-byte data transfer buffer. 

• Useful for the serial port and parallel port. 

6. Non-multiplexed bus interface. 

7. 40-pin dual-in-line package. 

8. Single + 5V power supply. 
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■ Block Diagram 





SHARP 


492 




Serial Parallel Combination Controller 


LH8571 


■ Pin Description 


Pin 

Meaning 

I/O 

Function 

DB 0 DB 7 

Data bus 

Bidirectional 

3 -state 

System data bus 

A/D 

Address/data select 

I 

Address/data select signal 

RD 

Read 

I 

Active low. Indicate the system in read operation. 

WR 

write 

I 

Active low. Indicate the system in write operation 

CS 

Chip select 

I 

Active low. Chip selection signal 

WAIT 

Wait 

0 

Active low, open-drain. Used to synchronize with CPU. 

INT 

N Interrupt request 

0 

Active low, open-drain. Indicate interrupt request to 
input. 

INTACK 

Interrupt acknowledge 

I 

Active low. Indicate interrupt acknowledge cycle. 

IEI 

Interrupt enable input 

I 

Active high. Used to form interrupt priority arbitration 
loop circuit (daisy chain). 

IEO 

Interrupt enable output 

0 

Active high. Used to form daisy chain. 

DATAi -DAT A 8 

Output data 

0 

Output data 

DATA STROBE 

Data strobe 

0 

Active low. Indicate settlement of data. 

BUSY 

Busy 

I 

Active high. Indicate printer in operation. 

ACKNLG 

Acknowledge 

I 

Active high. Acknowledge signal from printer. 

FAULT 

Fault 

I 

Active low. Indicate printer inoperable. 

INPUT PRIME 

Prime input 

0 

Active low. Printer initializing signal. 

SLCT 

Select 

I 

Active low. Printer selection signal. 

RxD 

Received data 

I 

Receiving data line. 

TxD 

Transmitted data 

0 

Transmitting data line. 

RTS 

Transmission request 

0 

Active low. Indicate readiness for data transmission. 

CTS 

Transmission enable 

I 

Active low. Indicate data transmission is possible. 

DTR 

Data terminal ready 

0 ““ 

Active low. Data transmission request signal. 

DCD 

Reception enable 

I 

Active low. Indicate data reception is possible. 

PCLK 

Clock 

I 

Single-phase clock. Need not be same as CPU clock. 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Input voltage* 

VlN 

— 0.3 — VI 

V 

Output voltage* 

VOUT 

-0.3- + 7 

V 

Operating temperature 

Topr 

0- + 70 

°C 

Storage temperature 

Tstg 

— 65 — b 150 

°c 


* The maximum applicable voltage on any pin with respect to GND. 


From output 
under test 


+ 5V 



Standard test load 
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■ DC Characteristics 4 <ycc=5V±5%, Ta=o~+70t:) 


Parameter 

Symbol 

Test Conditions 

MIN. 

MAX. 

Unit 

Clock input high voltage 

VCH 


-2.4 

Vcc 

V 

Clock input low voltage 

VCL 


-0.3 

0.8 

V 

Input high voltage 

VlH 


2 

Vcc 

V 

Input low voltage 

VlL 


-0.3 

0.8 

V 

Output high voltage 

VOH 

Ioh = 250 juA. 

2.4 


V 

Output low voltage 

VOL 

IoL=2mA 


0.4 

V 

Input leakage current 

1 IlL | 

OSVin — 5.25V 


10 

M 

Output leakage current 

1 lOL | 

0— VinS5.25V 


10 

M 

Current consumption 

Icc 



250 

mA 


■ AC Characteristics 

(1) CPU interface timing (Vcc=5V±5%, Ta=0~+70°C) 


No. 

Symbol 

Parameter 

MIN. 

MAX. 

Unit 

Note 

1 

TrC 

Clock rise time 


20 

ns 


2 

TwCh 

Clock pulse width, high 

105 


ns 


3 

TfC 

Clock fall time 


20 

ns 


4 

TwCl 

Clock pulse width, low 

105 


ns 


5 

TpC 

Clock period 

250 

. 

ns 


6 

TsA/D(WR) 

A/D setup time to WR 1 

80 


ns 


7 

TsA/D(RD) 

A/D setup time to RD i 

80 


ns 


8 

ThA/D(WR) 

A/D hold time from WR t 

30 


ns 


9 

ThA/D(RD) 

A/D hold time from RD f 

30 


ns 


10 

TsCSf(WR) 

CS low setup time to WR i 

0 


ns 


11 

TsCSf(RD) 

CS low setup time to RD i 

0 


ns 


12 

TsCSr(WR) 

CS high setup time to WR i 

60 


ns 


13 

TsCSr(RD) 

CS high setup time to RD i 

60 


ns 


14 

ThCS(WR) 

CS low hold time from WR t 

0 


ns 


15 

ThCS(RD) 

CS low hold time from RD f 

0 


ns 


16 

TsDI(WR) 

Written data setup time to WR l 

0 


ns 


17 

Tw(WR) 

WR pulse width 

390 


ns 


18 

Tw(RD) 

RD pulse width 

390 


ns 


19 

ThWR(DI) 

Written data hold time from WR t 

0 


ns 


20 

TdRD(DI) 

Delay time from RD 1 to valid data 



ns 

1 

21 

ThRD(DI) 

Written data hold time from RD T 

0 


ns 


22 

TdRD(DIz) 

Delay time from RD f to data bus floating 


70 

ns 


23 

TdRD(DBA) 

Delay time from RD i to readout data settlement 

0 


ns 


24 

TdWR(W) 

Delay time from WR 1 to WAIT 1 


150 

ns 


25 

TdRD(W) 

Delay time from RD 1 to WAIT i 


150 

ns 


26 

TdDI(W) 

Delay time from valid data to WAIT t 

0 


ns 



Note : All AC output characteristics are based on the stated load conditions. 

Note 1: The delay time depends on the device status at the time of access by CPU. 
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CPU interface timing 

(2) Interrupt acknowledge timing 


No. 

Symbol 

Parameter 

MIN. 

MAX. 

Unit 

Note 

27 

TsACK(RD) 

INTACK low setup time to RD 1 

90 


ns 

2 

28 

TdRD(DI) 

Delay time from RD | to valid vector 


255 

ns 


29 

ThRD(ACK) 

INTACK low hold time from RD t 

0 


ns 


30 

ThlEI(RD) 

IEI hold time from RD t 

100 


ns 


31 

TwRDI 

RD (Acknowledge) low pulse width 

255 


ns 


32 

TdlEI(IEO) 

Delay time from IEI to IEO 


120 

ns 


33 

TsIEI(RD) 

IEI setup time to RD i 

150 


ns 


34 

TdACK(IEO) 

Delay time from INTACK 1 to IEO i 


250 

ns 


35 

TdADKr(IEO) 

Delay time from INTACK t to IEO t 


250 

ns 



Note 2: Interrupt arbitration loop circuit (daisy chain) is not used. 


DB 0 ~DB 7 


INTACK 

RD 

IEI 

IEO 



Interrupt acknowledge timing 
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(3) Reset timing 


No. 

Symbol 

Parameter 

MIN. 

MAX. 

Unit 

Note 

36 

TdRDQ (WR) 

Delay time from RD t (for suppressing reset) to WR 1 

40 


ns 


37 

TdWRQ (RD) 

Delay time from WR t (for suppressing reset) to RD i 

. 50 


ns 


38 

TwRES 

Minimum low width of WR and RD(for resetting) 

250 


ns 

3 


Note 3: The internal reset signal lags by 1/2 to 2 clocks behind external reset conditions. 



(4) Serial port timing 


No. 

Symbol 

Parameter 

MIN. 

MAX. 

Unit 

Note 

39 

TdTxC(TxD) 

Delay time from sending clock transition to output data transition 


19000 

ns 

4 


Note 4: Applies to all baud raets (110-9800 B) 



TxD 



Serial port timing 


(5) Parallel port timing 


No. 

Symbol 

Parameter 

MIN. 

MAX. 

Unit 

Note 

40 

TdACK (D) 

Delay from ACKNLG 1 to data output 

13000 

18000 

ns 



TdD(DSTR) 

Delay from data output to DATA STROBE 1 

6000 


ns 


42 

TwDSTR 

DATA STROBE pulse width 

6000 


ns 
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■ Register 

The LH8571 has the following registers which 
can be accessed externally (from CPU). 

• Master interrupt control register (MIC) 

• Data indirect register (DIND) 

• Data status command registers (DSCO, 
DSC1, DSC2, DSC 3, DSC 4, DSC 5 and 
DSC8) 


Table 1 

Register address 

Register 

Register address 

DSCO 

xxxooooo 

DSC1 

X X X00001 

DSC 2 

XXX00010 

DSC 3 

XXX00011 

DSC4 

xxxooioo 

DSC 5 

XXX00101 

DSC 8 

xxxoiooo 

DIND 

XXX10101 

MIC 

XXX11110 


Note: Ay— A! is decoded and applied to CS, so that the loca- 
tion in the input/output address space is determined. 
Bits marked by ‘x’ are undefined. 


DSC3 


Dy 

D 6 

d 5 

d 4 

d 3 

d 2 

Di 

Do 




n. 1 Buffer overflow 

10 Input characters are other than 0-F. 

(Intel format only) 

1 1 Check sum error (Intel format only) 

01 Printer unselect 

10 Printer paper out (external circuit required) 

1 1 Printer fault 


Transfer error 
Limit error 
Parity error 
Illegal command 


Fig. 1 Error flag (DSC3) 


The master interrupt control register (MIC) is 
used to control the interrupt operation (see Fig. 
2). Writing into the MIC register falls into two 
groups. Group 2 uses the write code shown in 
Table 2. 


Table 2 MIC register write code 


Group 2 

Group 1 

Function 

d 7 

D 6 

D 5 

D 2 

Do 

0 

0 

0 

X 

X 

Writing to D 0 and D 2 

0 

0 

1 

0 

0 

Reset IP (D 6 ) and IUS (D 6 ) 

0 

1 

0 

0 

0 

Set IUS (D 6 ) 

0 

1 

1 

0 

0 

Reset IUS (D 6 ) 

1 

0 

0 

0 

0 

Set IP (D 5 ) 

1 

0 

1 

0 

0 

Reset IP (D 5 ) 

1 

1 

0 

0 

0 

Set IE (D 7 ) 

1 

1 

1 

0 

0 

Reset IE (D 7 ) 
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d 7 

D 6 D 5 

d 4 

Ds 

d 2 

D! 

Do 

MIC [_IEj 

IUS IP 

□ 

□ 

DLC 

□ 

cst| 




Command execution start 
Lower chaining prohibited 
■Interrupt holding 
•Interrupt under service 
Interrupt enabled 


Fig. 2 Master interrupt control register 


■ Programming 

Use the registers, DSCO, DSC1, DSC2, DSC3, 
DSC4, DSC5, and DSC8, to specify operation mode. 
The 24 types of commands are made valid by first 
writing a value corresponding to the desired com- 
mand number into DSCO, then setting the CST bit 
on MIC. The registers DSC1, DSC2, DSC4, and 
DSC5 are used to specify parameters for each com- 
mand. Command 0 is used inspecifying serial data 


format using DSC2 (Fig. 3). 

The result of command execution is indicated on 
DSCO and DSC3. DSC3 indicates error status as 
shown in Fig. 1. DSC8 is used as a buffer register 
after command 22 or 23 is executed. 

Tables 3 and 4 show command functions versus 
registers. 


1 D 7 

D 6 

D 5 

d 4 

Ds 

d 2 

Di 

Do 



Parity mode 

0 : Even parity 

1 :Odd parity 

Number of data bits 

0 * 7 bits 

1 : 8 bits 

Baud rate (see Note) 

000 : 1 1 0 B 

001 : 1 50 B 

010 : 300 B 

011 : 600B 

100 : 1200 B 

101 : 2400 B 

110 : 4800 B 

111 : 9600 B 

Number of stop bits of transmission 

0 1 bit 

1 I 2 bits 

Interrupt mode 

0 I Interrupt enabled 

1 • Interrupt disabled 

Echo back 

0 I Echo back mode 

1 • Echo back disabled 


Note ’ The baud rate described above is for PCLK=4.0MHz 


Fig. 3 Serial data format (DSC2) 
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Table 3 Command function and writing register contents 


^\Register 

Commana\^ 

Code 

| Parameter 

Function 

Remarks 

DSCO 

DSC1 

DSC 2 

DSC4 

DSC 5 

0 

00h 


Transfer for- 
mat and oper- 
ating mode 



Specify transfer format 
and operating mode. 


1 

01h 


Stop character 



Output serial-input data to 
Centronics printer until 
the stop character arrives. 

Stop character is spe- 
cified by DSC2. 

2 

02h 

Number of 

output bytes 




Output serial-input data to 
Centronics printer. 

Operaion stops upon de- 
tection of Control C (hex 
03). 

3 

03h 

Number of 

output bytes 


Load address 

(high order byte) 

Load address 

(low order byte) 

Output buffer area con- 
tents to serial port in Intel 

format. 

Address information 

of data is appended. 

4 

04h 





Read Intel format data on 

serial port and store in 

buffer area. 


5 

05h 

Number of 

bytes of block 

transfer 




Initialize block transfer 

between master CPU and 

buffer area. 


6 

06h 

Number of 

output bytes 

Output starting 

address 



Output data in buffer area 
via serial port. 

Operation stops upon de- 
tection of Control C (hex 
03). 

7 

07h 

Number of 

output bytes 

Output starting 

address 



Output data in buffer 
area to printer 

Operation stops upon de- 
tection of Control C (hex 
03). 

8 

08h 

Number of 

output bytes 

Output starting 

address 



Convert binary data 
in buffer area into 

ASCII and output via 
serial port. 


9 

09h 

Number of 

output bytes 

Output starting 

address 

Display address 
(high order) 

Display address 
(low order) 

Convert binary data 
in buffer area into 

ASCII and output via 
serial port. 

Address information 

of data is appended. 

10 

OAh 

Number of 

output bytes 

Output starting 

address 



Convert binary data 

in buffer area into 

ASCII, and output to 
printer. 


11 

OBh 

Number of 

output bytes 

Output starting 

address 

Display address 
(high order) 

Display address 
(low order) 

Convert binary data 

in buffer area into 

ASCII, and output to 
printer. 

Address information 

of data is appended. 

12 

OCh 

Number of 

iutput bytes 

Nunber of 

output bytes 



Read ASCII data on se- 
rial port and store in 

buffer area. 


13 

ODh 





Read Intel format data 

on serial port and store 

in buffer area. 

Used when a reader 

is connected to serial 

port. 
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^\Register 

Commana^\ 

Code 

Parameter 

Function 

Remarks 

DSCO 

DSC1 

DSC 2 

DSC 4 

DSC 5 

14 

OEh 


Output character 



Read ASCII data on serial 

port until arrival of CR 

code. 

After CR reception, CR 

and LF codes are sent 

out via serial port. 

15 

OFh 

Number of 

output bytes 


Load address 

(low order byte) 

Load address 

(high order byte) 

Convert data in buffer 

area into Intel format, 
and output via serial 
port. 

Used when a puncher is 
connected to serial port. 

16 

10h 

Number of 

input bytes 

Output character 



Read binary data on 
serial port into buffer 
area for storage. 

Used when a reader 

is connected to serial 

port. 

. 17 

1 1h 

Number of 

output bytes 

Output starting 

address 



Output data in buffer area 
via serial ports. 

Used when a puncher is 
connected to serial port. 
Opertion stops upon detec- 
tion of hex 03. 

18 

12h 





Output null codes via 
serial port. 

256 null codes out- 
putted. 

19 

13h 





Output EOF in Intel for- 
mat ( : 0000000 IFF) via 
serial port. 


20 

14h 

# 




Output null codes via 
serial port. 

Used when a puncher 

is connected to serial 

port. 

21 

15h 





Output EOF in Intel for- 
mat ( : 00000001FF) via 
serial port. 

Used when a puncher 

is connected to serial 

port. 

22 

16h 





Read 1-byte data on 
serial port. 

Data is stored in 

DSC8. 

23 

17h 





Output data written 
in DSC8 by CPU via 
serial port. 

Data needs to be set 

in DSC8 prior to ex- 
ecution. 
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Table 4 Register contents after command execution (readout register) 


\ Registeij 

Commana\ 

Code 

Parameter 

DSCO 

DSC1 

] 

DSC2 

1 

DSC 3 

DSC4 

DSC 5 

1* 

2* 

3* 

0 

00 

80 

C0h 



Error status flag 



1 

01 

81 

C1h 



Error status flag 



2 

02 

82 

C2j 



Error status flag 



3 

03 

83 

C3h 



Error status flag 



4 

04 

84 

C4h 


Number of bytes 
input+20H 

Error status flag 

Load address 

(high order byte) 

Load address 

(low order byte) 

5 

05 

85 

C5h 



Error status flag 



6 

06 

86 

C6h 



Error status flag 



7 

07 

87 

C7i 



Error status flag 



8 

08 

88 

C8.h 



Error status flag 



9 

09 

89 

C9h 



Error status flag 



10 

0A 

8A 

CAj 



Error status flag 



11 

0B 

8B 

CBn 



Error status flag 



12 

OC 

8C 

CCh 



Error status flag 



13 

0D 

8D 

CDh 


Number of bytes 
input -P20H 

Error status flag 

Load address 

(high order byte) 

Load address 

(low order byte) 

14 

0E 

8E 

CEh 



Error status flag 

Number of bytes 
input+20H 


15 

OF 

8F 

CFh 



Error status flag 



16 

10 

90 

D0h 



Error status flag 



17 

11 

91 

D1h 



Error status flag 



18 

12 

92 

D2h 



Error status flag 



19 

13 

93 

D3h 



Error status flag 



20 

14 

94 

D4h 



Error status flag 



21 

15 

95 

D5h 



Error status flag 



22 

16 

96 

D6h 



Error status flag 



23 

17 

97 

D7h 



Error status flag 





Note 1: 1*: Value before command execution (command 

code value) 

2*: Value upon normal completion of command ex- 
ecution. 

3*. Value upon abnormal completion (error) of 
command execution. 

These are common to all commands. 

Note 2: For error status flag value, see Fig.l. 


Note 3: If FAULT input becomes low (printer error) during 
co mmand e xecution, LH8571 suspends operation un- 
til FAULT returns to high (error recovery). At this 
time, DSCO has bit 6 set and bit 7 reset. 
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Serial Parallel Combination Controller 


■ Description 

The LH8572 (SPCC72) is a peripheral device 
for general purpose microcomputer systems to per- 
form asynchronous serial data tansfers and con- 
trol of Centronics compatible printers. 

It supports full duplex asynchronous serial data 
transfers. The transfer conditions such as the 
baud rate and character length can be set by the 
program. Further, it is equipped with a control 1/ 
0 terminal for simple organization of the various 
types of modem interfaces. The Receive Buffer 
has a double buffer structure so that the master 
CPU can easily perform reading and writing of 
data. 

A printer control I/O terminal is available for 
easy connection to any printer which is Centronics 
compatible. A handshake line and control for other 
I/O lines is supported. A 128-byte printer data 
buffer memory having an FIFO structure is pro- 
vided within the LH8572. Efficient use of the 
printer unit by the master CPU is made possible 
with this buffer. 

In this way, the LH8572 peripheral device for 
general-purpose microcomputers, was developed to 
efficiently perform serial data transfer and printer 
output control within a compact package. It is 
suitable for use in small systems such as personal 
computers which use printer units, RS232C ter- 
minal units and modem units. 


■ Pin Connections 


+ 5V [T 

\ 

O 

40] RxD 

PCLK \J 

n TxD 

IEO U 


H DTR 

IEI [7 


37] CTS 

Tnt [? 


H DCD 

INTACK (7 


35] RTS 

RD |T 


34] NC 

WR [T 


33 ] INPUT PRIME 

A/D U 


32] BUSY 

cs Ho 


H] FAULT 

GND (H 


3^ ACKNLG 

WAIT m 


29] DATA STROBE 

DB? Q| 


28] DAT As 

DBe QI 


27] DATA? 

DBs [l5 


26] DATAe 

DB4 n 


1] DATAs 

DB3 m 


H DATA 4 

DBz H 


H DAT As 

DBi H 


U DATA? 

DBo d£ 


13 DATAi 



Top View 


■ Features 

1. Asynchronous Full Duplex Data Transfer 

• Character length of 5 to 8 bits 

• 1 or 2 stop bits 

• No parity bit or odd/even parity 

• False start bit or rejection (rejects spike 
noise in the mark line to prevent malfunc- 
tion.) 

• Full duplex 

• Transmit buffer has double structure. 

• Receive buffer has FIFO structure. 

• Error detection function, Parity error detec- 
tion, Framing error detection, and Overrun 
error detection 

• Baud rates: 75, 110, 150, 300, 600, 1200, 
2400, 4800 baud selectable 


2. Centronics Compatible Printer Control 

• Furnishes printer interface signals compati- 
ble with Centronics specifications 

• Built-in handshake function for data output 

• Internal buffer: 128-byte FIFO structure 

• Error detection: Printr fault error/Paper 
empty error 

3. Vector Interrupt 

• Able to generate an interrupt on various 
conditions such as Transmit Buffer empty, 
validity of received character, and Printer 
Output Buffer empty. 

• Interrupt vectors for Transmit, Receive, 
Printer and Error detection can be set indi- 
vidually. 

4. Non-multiplexed bus interface 

5. 40-pin dual-in-line package 
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■ Block Diagram 
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■ Pin Description 


Pin 

Meaning 

I/O 

Function 

db 0 ~db 7 

Data bus 

Bidirectional 

3 -state 

System data bus 

A/D 

Address/data select 

I - 

Address/data select signal 

RD 

Read 

I 

Active low. Indicate the system in read operation. 

WR 

Write 

I 

Active low; Indicate the system in write operation. 

CS 

Chip select 

I 

Active low. Chip selection signal 

WAIT 

Wait 

0 

Active low, open-drain. Used to synchronize with CPU 

INT 

Interrupt request 

0 

Active low, open-drain. Indicate interrupt request to 
CPU. 

INTACK 

Interrupt acknowledge 

I 

Active low. Indicate interrupt acknowledge cycle. 

IEI 

Interrupt enable input 

I 

Active high. Used to form interrupt priority arbitration 
loop circuit (daisy chain). 

IEO 

Interrupt enable output 

0 

Active high. Used to form daisy chain. 

DATA l ~DATA 8 

Output data 

0 

Output data 

DATA STROBE 

Data strobe 

0 

Active low. Indicate settlement of data. 

BUSY 

Busy 

I 

Active high. Indicate printer in operation. 

ACKNLG 

Acknowledge 

I 

Active high. Acknowledge signal from printer. 

FAULT 

Fault 

I 

Active low. Indicate printer inoperable. 

INPUT PRIME 

Prime input 

0 

Active low. Printer initializing signal. 

RxD 

. Receiving data line 

I 

Receiving data line. 

TxD 

Transmitted data 

0 

Transmitting data line 

RTS 

Transmission request 

0 

Active low. Indicate readiness for data transmission. 

CTS 

Transmission enable 

I 

Active low. Indicate data transmission is possible. 

DTR 

Data terminal ready 

0 

Active low. Data transmission request signal. 

DCD 

Reception enable 

I 

Active low. Indicate data reception is possible. 

PCLK 

Clock 

I 

Single-phase clock, need not be same as CPU clock. 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Input voltage * 

VlN 

— 0.3 — b7 

V 

Output voltage* 

Vout 

+ 

1 

00 

0 

1 

V 

Operating temperaturei 

Topr 

0- + 70 

°c 

Storage temperature 

Tstg 

— 65 — h 1 50 

°c 


* The maximum applicable voltage on any pin with respect 
to GND. 


From output 
under test 


+ 5V 



Standard test load 
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■ DC Characteristics (v cc =5v+5%, Ta=o~+ 70 °c) 


Parameter 

Symbol 

Conditions 

MIN. 

MAX. 

Unit 

Note 

Clock input high voltage 

VCH 


2.4 

Vcc 

V 


Clock input low voltage 

VCL 


-0.3 

0.8 

V 


Input high voltage 

VlH 


2 

V C c 

V 


Input low voltage 

VlL 


-0.3 

0.8 

V 


Output high voltage 

VOH 

Ioh = — 250 n A 

2.4 


V 


Output low voltage 

VOL 

IoL=2mA 


0.4 

V 


Input leakage current 

1 IlL 1 

0SVinS5.25V 


10 

M 


Output leakage current 

1 lOL | 

0=SVin^5.25V 


10 

M 


Current consumption 

Icc 



250 

mA 



■ AC Characteristics 


(1) CPU interface timing 


No. 

Symbol 

Parameter 

MIN. 

MAX. 

Unit 

Note 

1 

TrC 

Clock rise time 


20 

ns 


2 

TwCh 

Clock pulse width, high 

105 


ns 


3 

TfC 

Clock fall time 


20 

ns 


4 

TwCl 

Clock pulse width, low 

105 


ns 


5 

TpC 

Clock period 

250 


ns 


6 

TsA/D(WR) 

A/D setup time to WR t 

80 


ns 


7 

TsA/D(RD) 

A/D setup time to RD i 

80 


ns 


8 

ThA/D(WR) 

A/D hold time from WR t 

30 


ns 


9 

ThA/D(RD) 

A/D hold time from RD t 

30 


ns 


10 

TsCSf(WR) 

CS low setup time to WR i 

0 


ns 


11 

TsCSf(RD) 

CS low setup time to RD i 

0 


ns 


12 

TsCSr(WR) 

CS high setup time to WR 1 

60 


ns 


13 

TsCSr(RD) 

CS high setup time to RD J 

60 


ns 


14 

ThCS(WR) 

CS low hold time from WR t 

0 


ns 


15 

ThCS(RD) 

CS low hold time from RD t 

0 


ns 


16 

TsDI(WR) 

Data setup time to WR \ 

0 


ns 


17 

Tw(WR) 

WR pulse width 

390 


ns 


18 

Tw(RD) 

RD pulse width 

390 


ns 


19 

ThWR(DI) 

Data input from WR t 

0 


ns 


20 

TdRD(DI) 

Delay time from RD \ to valid data 



ns 

1 

21 

ThRD(DI) 

Data hold time from RD t 

0 


ns 


22 

TdRD(DIz) 

Delay time from RD t to data bus floating 


70 

ns 


23 

TdRD(DBA) 

Delay time from RD i to readout data settlement 

0 


ns 


24 

TdWR(W) 

Delay time from WR | to WAIT \ 


150 

ns 


25 

TdRD(W) 

Delay time from RD | to WAIT 1 


150 

ns 


26 

TdDI(W) 

Delay time from valid data to WAIT t 

0 


ns 



All AC output characteristics are based on the stated load conditions. 

Note 1: The delay time depends on the device status at the time of access by CPU. 
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PCLK 

~K/ D 

CS 

DB 0 DB7 
write 

WR 

DB 0 DB7 
read 


RD 


WAIT 



CPU interface timing 


(2) Interrupt acknowledge timing 


No. 

Symbol 

Parameter 

MIN. 

MAX. 

Unit 

Note 

27 

TsACK(RD) 

INTACK low setup time to RD 

90 


ns 

2 

28 

TdRD(DI) 

Delay time from RD i to valid vector 


255 

ns 


29 

ThRD(ACK) 

INTACK low hold time from RD t 

0 


ns 


30 

ThlEI(RD) 

IEI hold time from RD t 

100 


ns 


31 

TwRDI 

RD(acknowledge) low pulse width 

255 


ns 


32 

TdlEI(IEO) 

Delay time from IEI to IEO 


120 

ns 


33 

TsIEI(RD) 

IEI setup time to RD I 

150 


ns 


34 

TdACK(IEO) 

Delay time from INTACK 1 to IEO 1 


250 

ns 


35 

TdADKr(IEO) 

Delay time from INTACK t to IEO t 


250 

ns 



Note 2: Interrupt arbitration loop circuit (daisy chain) is not used. 


rm r» d 3 I 




3 

k — ^ 

^ — 

j 


INTACK ^ 

r 


c 



^ 

^ ^ 

■*- 

^ 

RD 

1 


r 




-# — H 



IEI ! 


1 





h <§> H 

<§>i 

■h 


IEO 

( 


y- 



Interrupt acknowledge timing 
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(3) Reset timing 


No. 

Symbol 

Parameter 

MIN. 

MAX. 

Unit 

Note 

36 

TdRDQ(WR) 

Delay time from RD t (for suppressing reset) to WR i 

40 


ns 


37 

TdWRQ(RD) 

Delay time from WR t (for suppressing reset) to RD | 

50 


ns 


38 

TwRES 

Minimum low width of WR and RD (for resetting) 

250 


ns 

3 


Note 3: The internal reset signal lags by 1/2 to 2 clocks behind external reset conditions. 



Reset timing 


(4) Serial port timing 


No. 

Symbol 

Parameter 

MIN. 

MAX. 

Unit 

Note 

39 

TdTxC(TxD) 

Delay time from sending clock transition to output data transition 


35000 

ns 

4 


Note 4: Applies to all baud rates (75 -4800 B) 


TxC / \ 
<§h4- 



V 

TxD 

j 

K 




Serial port timing 


(5) Parallel port timing 


No. 

Symbol 

Parameter 

MIN. 

MAX. 

Unit 

Note 

40 

TdACK(D) 

Time from ACKNLG i to data output 

24000 


ns 


41 

TdD(DSTR) 

Time from data output to DATA STROBE i 

6500 


ns 


42 

TwDSTR 

DATA STROBE pulse width 

6500 


ns 



AKCNLG J \ 


DATA! 


PATAg 

) 

i 




Data strobe 



l 


Parallel port timing 
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■ Registers 

The LH8572 has 14 registers which can be 
accessed externally (from CPU), and their address- 
es are listed in Table 1. To make access to these 
registers, the high order 7 bits of I/O address 
(A 7 -Ai) are decoded and fed to CS and the lowest 
order bit (A 0 ) is connected to A/D. This connec- 
tion permits the assignment of 2 -byte port address- 
es (even address and odd address) to the LH8572. 


Table 1 Register address 


Address 

Register 

xxxooooo 

Error status register (ERR) 

XXX00001 

Mode setting register (MSR) 

XXX00010 

Control register (CTL) 

XXX00011 

Transmission status register (TxS) 

XXX00100 

Reception status register (RxS) 

XXX00101 

Printer status register (PRS) 

XXX00110 

Transmission buffer (TxB) 

XXX00111 

Reception buffer (RxB) 

XXX01000 

Printer buffer (PRB) 

XXX01001 

Transmission interrupt vector register (TxV) 

XXX01010 

Reception interrupt vector register (RxV) 

XXX01011 

Printer interrupt vector register (PRV) 

XXX01100 

Error interrupt vector register (ERV) 

XXX11110 

Master interrupt control register (MIC) 


Note: Ay-Aj is decoded and applied to CS, so that the location 
in the input/output address space is determined. Bits 
marked by ‘x’ are undefined. 


■ Programming 

The LH8572 has 14 read/ write registers which 
can be accessed directly by the master CPU. 

(1) Initialization 

The device is initialized in accordance with the 
following procedure. 

(1) Following power-on reset, or master reset by 
software, set the mode register is programmed 


for character format, baud rate, stop bit and 
parity mode. Subsequently data required by 
control register*, master interrupt control reg- 
ister* and interrupt vector registers* (trans- 
mission, reception and printer error interrupt 
vector registers) is programmed. 

(2) Clear the error status register. 

(3) Wait until the data transfer enable bit in the 
master interrupt control register is set to “1”, 
making the LH8572 operable. 

In case interrupt is used, the above polling op- 
eration is unnecessary. When transmission, recep- 
tion and printer output become enabled, interrupt 
request is forwarded to the master CPU, indicating 
that the LH8572 has become operable. 

Note: Registers marked by **’ can be set or revised even dur- 
ing the operation of LH8572. 

(2) Data input/output 

Date transfer between LH8572 and master CPU 
is carried out in accordance with the following 
procedure. 

(1) Poll the status registers (transmission, recep- 
tion and printer status registers) and wait un- 
til they become “1”. In case interrupt (trans- 
mission, reception and printer interrupt) is 
used, interrupt occurs as soon as the value of 
each status register becomes “1”, and polling 
is not necessary. 

(2) After the status register has been set to “1” 
(or after interrupt has occurred), begin data 
transfer via the buffers (transmission, recep- 
tion and printer buffers). 

(3) Clear the status register. If the above opera, 
tion is implemented using an interrupt routine* 
the interrupt-under-service (IUS) bit must be 
reset immediately before the end of each inter- 
rupt routine. 


E 

d 6 

d 5 

d 4 

d 3 

d 2 


Do | 


I Unused 

Parity error 

— F raming error 

— Overrun error 

Printer fault 

Paper out 

— — Unused 

— Master reset 

Fig. 1 Error status register (ERR) 
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Fig. 2 Mode setting register (MSR) 


H 

d 6 

D5 D4 

d 3 

d 2 

Di 


dT| 


RTS 

DTR 

Transmission enabled 
Reception enabled 
Printer output enabled 
Transmission interrupt enabled 
Reception interrupt enabled 
Printer interrupt enabled 


Fig. 3 Control register (CTL) 



De 

d 5 

d 4 

D 3 

d 2 

Di Do | 

1 


Transmission buffer empty* 


*For data transmission, data is written into transmission 
buffer upon confirmation that transmission buffer 
“vacancy” bit is “1”, and thereafter that bit is set to “0” 


Fig. 4 Transmission status register (TxS) 


d 7 

D 6 

Ds 

d 4 

Da 

d 2 

Di 

Do 

— r 


I ' Reception character valid * 

L o 

* For data reception, data is readout from reception buffer 
upon confirmation that the reception character “validity” 
bit is “1”, and thereafter that bit is set to “0” 


Fig. 5 Reception status register (RxS) 
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nr 

d 6 

d 5 

d 4 

d 3 

d 2 

Di 

Do I 

— 


Printer buffer empty* 


♦For data print out, data is written into printer buffer 
upon confirmation that the printer buffer “vacancy” bit 
is “1”, and thereafter that bit is set to “0” 

Fig. 6 Printer status register (PRS) 



d 6 

d 5 

D. 

Ds 

d 2 

Di 

Do 




Transmission data 


D, 

De 

D 5 

d 4 

d 3 

d 2 

Dt 

Do 




Reception interrupt vector 


Fig. 7 Transmission buffer (TxB) Fig. 11 Reception interrupt vector register (RxV) 


D7 D6 D5 D4 D3 D2 Di Do 


1 1)7 

D 6 

D 5 

d 4 

d 3 

d 2 

r°n 

Do I 




-Reception data 


-Printer interrupt vector 


Fig. 8 Reception buffer(RxB) 


Fig. 12 Printer interrupt vector register (PRV) 


QEj 

De 

Ds 

d 4 

d 3 d 2 

Di Do | 



Fig. 9 Printer buffer (PRB) 


De 

Ds 

d 4 

d 3 d 2 

Di Do 


1 ° 6 

Ds 

d 4 

d 3 1 

d 2 


Do 


Printer output data 


-Error interrupt vector 


Fig. 13 Error interrupt vector register (ERV) 


-Transmission interrupt vector 


Fig. 10 Transmission interrupt vector register (TxV) 


At reading 
Master interrupt enable (MIE) 
Interrupt under service (IUS) 
Interrupt pending (IP) 


D 7 

D 6 


d 4 

d 3 


Di 

Do 


1 


At writing 


-Undefined at reading/“0” at writing 
-Disabled lower chaining (DLC) 
-Data transfer enable (reading only) 
-Undefined at reading/“0” at writing 


0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

1 

~ 0 ~ 

~o~ 

1 

T 

1 

1 

1 

0 

~r 

1 

da 


Writing to Do, Di, D2, D3 and D4 
Reset IP and IUS 
Set IUS 
Reset IUS 
Set IP 
Reset IP 
Set MIE 
Reset MIE 

Fig. 14 Master interrupt control register (MIC) 
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■ Description 

The LH 8573 (GPIB73) is a microcomputer peripheral 
device used to control interface buses conforming 
to IEEE Std. 488-1978* (will be termed simply 
“GPIB”). The GPIB is extensively used as a linkage 
bus between data gathering instrumentation de- 
vices and a microcomputer system. 

The LH8573 incorporates three functions of talk- 
er, listener and controller, all integrated in one 
chip. Using this device, the GPIB interface can be 
provided for various instrumentation equipment, 
personal computers and office computers. 


’Note : The standard disclosed in IEEE Std. 488-1978 “IEEE 
Standard Digital Interface for Programmable Instru- 
mentation “issued by IEEE, U.S.A. 


■ Features 

1. Built-in talker, listener and controller. Talker 
function, listener function and controller func- 
tion are integrated in one chip. 

2. Built-in buffer memory. Talker or listener 
can use 160-byte on-chip buffer. 

3. EOI automatic transmission. Upon detection 
of the last byte of or EOS in talker mode, EOI 
signal is transmitted automatically. 

4. EOS automatic detection. Upon reception of 
EOS in listener mode, the CPU is informed. 

5. Built-in timer. The bus time-out period for 
handshaking can be set by the on-chip timer in 
the range of 200 jj. s to 12ms at 50 ju s in- 
terval. 

6. Interrupt function. Interrupt arbitration facil- 
ity of daisy-chain type is provided, allowing 
vectored interrupt to CPU. 

7. 40-pin dual-in-line package 

8. Single + 5V power supply 


■ Pin Connections 
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■ Block Diagram 
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■ Description 

The LH8575 is the stand alone type multitask 
support processor providing the multitask capabili- 
ties for any simple microcomputer system. 

The concept of this multitask processing is simi- 
lar to a conventional real time OS (operating 
system). The devices perform task management 
(creating, deleting, etc.) independently of the master 
CPU, and carry out multitask processing for systems 
bus with arbitrary CPU architectures merely by con- 
necting to the system bus. 

User’s programs are scheduled on a priority or 
time sliced basis. Tasks are switched by an inter- 
rupt caused by the LH8575, and commands are 
given to the LH8575 by writing parameters and 
command numbers in the specified register in the 
LH8575. 


■ Features 

1. Matching with any CPU 

• The LH8575 operates only in response to 
commands which are issued by the main 
CPU. The system may have any type of CPU 
provided it is responsive to interrupt access 
by the LH8575. 

2. Task management 

• Up to eight tasks can be controlled concur- 
rently. By using the task creating and delet- 
ing technique, a maximum of 255 tasks can 
be handled. 

• Tasks can be controlled on a priority basis 
by the assignment of 255 priority levels. 

3. Inter-task communication 

• Inter-task communication is possible using 
the “mail box” provided within the LH8575. 

• Inter-task synchronization is possible using 
the “mail box.” 

4. Built-in timer 

• Timers with ranges from 10 ms to 255 
hours can be used for time-sliced processes 
and checking I/O wait time. 

• These timers can be set independently for 
each task. 

5. Built-in clock. 

• Time (hours, minutes and seconds) can be 
set and read out. 


■ Pin Connections 


+ 5V [T 

( — > 

40| P3o 
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39] P3s 

IEO [T 
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33] P2 2 
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32] P2i 

CS JTo 


31] P2o 

GND m 


30] P3i 

WAIT m 


13 P3 2 

DB? [13 


28] PI 7 

DBs m 


27] Pie 

DBs m 


13 Pis 

db 4 m 


If] Pl 4 

DBs [77 


13 PI 3 

db 2 m 


23j PI 2 

DBi d 


m pii 

DBo Ho 


13 pio 



Top View 


6. 20-bit general-purpose I/O port 

• Two 8-bit ports operable in bit input/ 
output 

• 2 -bit input ports and 2 -bit output ports 

• Tasks can be resumed using the 2 -bit input 
ports. 

7. Memory assignment. 

• Working memory areas can be assigned to 
each task. 
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■ Block Diagram 
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■ Pin Description 


Pin 

Meaning 

I/O 

Function 

DB 0 ' DB7 

Data bus 

Bidirectional 

3-sate 

System data bus 

A/D 

Address/data select 

I 

Address/data select signal 

RD 

Read 

I 

Active low. Indicate the system in read operation. 

WR 

Write 

I 

Active low. Indicate the system in write operation. 

CS 

Chip select 

I 

Active low. Chip selection signal 

WAIT 

Wait 

0 

Active low, open-drain. Used to synchronize with CPU. 

INT 

Interrupt request 

0 

Active low, open-drain. Indicate interrupt request to 
CPU. 

INTACK 

Interrupt acknowledge 

I 

Active low. Indicate interrupt acknowledge cycle. 

IEI 

Interrupt enable input 

I 

Active high. Used to form interrupt priority arbitration 
loop circuit (daisy-chain). 

IEO 

Interrupt enable output 

0 

Active high. Used to form daisy chain. 

Plo~Pl 7 

I/O port lines 

I/O 

Parallel I/O 

P2 0 ~P2 7 

I/O port lines 

I/O 

Parallel I/O 

P3 0 ~P3 3 

I/O port lines 

I/O 

Parallel I/O 

PCLK 

Clock 

I 

Single-phase clock, need not be same as CPU clock. 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Input voltage 

VlN 

— 0.3 — H7.0 

V 

Output voltage 

VOUT 

-0.3- + 7.0 

V 

Operating temperature 

Topr 

0 — H70 

°C 

Storage temperatuer 

Tstg 

— 65 — h 150 

°C 


From output 
under test 


+ 5V 




■ DC Characteristics (Vcc=5V±5%, Ta=o~+70”C) 


Parameter 

Symbol 

Conditions 

MIN. 

MAX. 

Unit 

Note 

Clock input high voltage 

VCH 


2.4 

Vcc 

V 


Clock input low voltage 

VCL 


-0.3 

0.8 

V 


Input high voltage 

VlH 


2.0 

Vcc 

V 


Input low voltage 

VlL 


-0.3 

0.8 

V 


Output high voltage 

VOH 

Ioh = — 250 fik 

2.4 


V 


Output low voltage 

VOL 

Iol = 2mA 


0.4 

V 


Input leakage current 

1 IlL | 

0 S Vin S + 5.25V 


10 

M 


Output leakage current 

1 IOL | 

0 S Vin S + 5.25V 


10 

M 


Current consumption 

Icc 



250 

mA 
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■ AC Characteristics 

(1 ) Master CPU interface timing 


No. 

Symbol 

Parameter 

MIN. 

MAX. 

Unit 

Note 

1 

TrC 

Clock rise time 


20 

ns 


2 

TwCh 

Clock pulse width, high 

105 


ns 


3 

TfC 

Clock fall time 


20 

ns 


4 

TwCl 

Clock pulse width, low 

iof- 


ns 


5 

TpC 

Clock period 

250 

' \ 

ns 


6 

TsA/D(WR) 

A/D setup time to WR 1 

80 


ns 


7 

TsA/D(RD) 

A/D setup time to RD I 

80 


ns 


8 

ThA/D(WR) 

A/D hold time from WR t 

30 


ns 


9 

ThA/D(RD) 

A/D hold time from RD t 

30 


ns 


10 

TsCSf(WR) 

CS low setup time to WR i 

0 


ns 


11 

TsCSf(RD) 

CS low setup time to RD I 

0 


ns 


12 

TaCSr(WR) 

CS high setup time to WR i ) 

60 


ns 


13 

TsCSr(RD) 

CS high setup time to RD 1 

60 


ns 


14 

ThCS(WR) 

CS low hold time from WR t 

0 


ns 


15 

ThCS(RD) 

CS low hold time from RD t 

0 


ns 


16 

TsDI(WR) 

Data setup time to WR i 

0 


ns 


17 

Tw(WR) 

WR pulse width 

390 


ns 


18 

Tw(RD) 

RD pulse width 

390 


ns 


19 

ThWR(DI) 

Written data hold time from WR t 

0 


ns 


20 

TdRD(DI) 

Delay time from RD i to valid data 



ns 

1 

21 

ThRD(DI) 

Readout data hold time from RD t 

0 


ns 


22 

TdRD(DIz) 

Delay time from RD f to data bus floating 


70 

ns 


23 

TdRD(DB A ) 

Delay time from RD i to readout data valid 

0 


ns 


24 

TdWR(W) 

Delay time from WR J to WAIT J 


150 

ns 


25 

TdRD(W) 

Delay time from RD i to WAIT | 


150 

ns 


26 

TdDI(W) 

Delay time from valid data to WAIT t 

0 


. ns 



Note 1: The delay time depends on device status at the time of access by master CPU. 



Master CPU interface timing 
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(2) Interrupt acknowledge timing 


No. 

Symbol 

Parameter 

MIN. 

MAX. 

Unit 

Note 

1 

TsACK(RD) 

INTACK low setup time to RD i 

90 


ns 

1 

2 

TdRD(DI) 

Delay time from RD i to valid vector 


255 

ns 


3 

ThRD(ACK) 

INTACK low hold time from RD t 

0 


ns 


4 

ThlEI(RD) 

IEI hold time from RD t 

100 


ns 


5 

IwRDl 

RD (acknowledge) pulse width 

255 


ns 


6 

TdlEI(IEO) 

Delay time from IEI to IEO 


120 

ns 


7 

TsIEI(RD) 

IEI setup time to RD 1 

150 


ns 


8 

TdACKf(IEO) 

Delay time from INTACK 1 to IEO i 


250 

ns 



Note 1: Interrupt arbitration loop circuit (daisy-chain) is not used. 


DBo~DB 7 


INTACK 

RD 

IEI 

IEO 



Interrupt acknowledge timing 

(3) Reset timing 


No. 

Symbol 

Parameter 

MIN. 

MAX. 

Unit 

Note 

1 

TdRDQ(WR) 

Delay time from RD t (for suppressing reset) to WR i 

40 


ns 


2 

TdWRQ(RD) 

Delay time from WR t (for sppressing reset) to RD i 

50 


ns 


3 

TwRES 

Minimum low width of WR and RD (for resetting) 

250 


ns 

1 


Note 1: The internal reset signal lags by 1/2 to 2 clocks behind external reset conditions. 


WR 

RD 



\ 


r, — ~ - 

r 


Reset timing 
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(4) Handshaking timing 


No 

Symbol 

Parameter 

MIN. 

MAX. 

Unit 

Note 

1 

TsDI(DA) 

Data setup time 

('0 


ns 


2 

ThDA(DI) 

Data hold time 

230 


ns 


3 

TwDA 

DAV width 

175 


ns 

1 




20 

175 


1 

4 

TdDAL(RY) 

Delay time from DAV low to RDY 

0 

ns 

2 

5 

TdDAH(RY) 

Delay time from DAV high to RDY 

0 

150 

ns 

1 

2 

6 

TdDO(DA) 

Delay time from data output to DAV 

50 


ns 


7 

TdRY(DA) 

Delay time from RDY to DAV 

0 

205 

ns 



Note 1: Input handshaking 
Note 2: Output handshaking 



Data output 



Valid output data 


DAY output. 


RDY input 



Output handshaking timing 


■ Registers 
(1) Task control 

CPIO (Command parameter register) 

This register writes the writing perameter pre- 
vinus to command writing. The readout parameter 
is placed in CPIO upon completion of command ex- 
ecution. 

CNST (Command/status register) 

This register is used to write a command. Exe- 
cution information of executed command is placed 
in CNST upon completion of command execution. 
SPN1, SPN2 (New task stack pointer registers) 

At occurrence of interrupt for task switching, 
execution starting address information for the new 
task is placed in this register. , 

SPB1, SPB2 (Old task stack pointer registers) 

At occurrence of interrupt for task switching, 
execution for the executed task is written register. 
MIC (Master CPU interrupt control register) 
Interrpt related parameters including interrupt 
enable (IE), interrupt pending (IP) and interrupt- 


under-service (IUS) bits are set or reset in this 
register. 

Table 1 Register address 


Register 

Address 

P1D 

XXX00001 

P2D 

XXX00010 

P3D 

XXX00011 

CNST 

XXX00110 

SPN1 

XXX00111 

SPN2 

X X X01000 

SPB1 

XXX01001 

SPB2 

XXX01010 

CPIO 

XXX10101 

MIC 

XXX11110 


Note 1: Bits marked by ‘x’ may be either ‘0’ or ‘1’. 

Note 2: LH8575 uses 2 input/output address locations. 
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(2) I/O Ports 

P1D, P2D, P3D (Port 1, 2, 3 data registers) 

These registers are used to transact data via 
port 1, port 2 and port 3. 

Table 1 lists the register addresses. 


MIC 


At writing 



Time-up by time division 
TNXT 

Fig. 1 Task status 


d 7 

d 6 

d 5 j 

d 4 

d 3 

d 2 

D x 

Do I 


-Undefined at reading/“o at writing 
-Disabled lower chaining (DLC) 

-0 (unused) 

-Non -vector (NV) 

-Interrupt pending (IP) 

-Interrupt under service (IUS) 
-Interrupt enable (IE) 


0 

0 

~r 

0 

0 

1 

0 

1 

0 

0 

1 

1 

1 

0 

0 

1 

~ 0 ~ 

1 

1 

1 

0 

1 

1 

1 


Writing to D4 and D2 

Reset IP and IUS 

Set IUS 

Reset IUS 

Set IP 

Reset IP 

Set IE 

Reset IE 


Note: IP, IUS and IE bits are set or reset by writing in these 
codes. 


Fig. 2 MIC bit configuration 


■ Programming 

(1) Initialization 

The following describes the task control proce- 
dure using LH8575. 

(1) The LH8575 causes interrupt for task switch- 
ing. However, in order to process, a separate in- 
terrupt processing routine must be prepared. 

(2) Each task is provided with a stack area. Task 
starting address and initial values for all regis- 


ters are written at the top of each stack area. 

(3) LH8575 is initialized. Table 2 lists the in- 
itialization information to written in LH8575. 

(4) When necessary, the clock is set and the port 
mode is specified. 

(5) Initialization completed. To transfer control 
from the initialization routine to a task, the task 
execution command (TSTR) must be executed. 
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Table 2 System information registered at initialization 


Order 

Item 

Contents 

1 

Vector 

LH8575 Interrupt vector for task switching 

2 

RAM table 

User RAM start address (high order byte) 

3 

User RAM end address (high order byte) 

4 



Task number (hex 01-FF) 

'V 5 

Task table 

Task 1 

Priority level (hex 01-FF) 

6 

Task stack pointer (high order or low order byte) 

■ 7 



Task stack pointer (low order or high order byte) 





4n 



Task number (hex 01-FF) 

4n+l 


Task n 

Priority leave (hex 01-FF) 

4n + 2 


Task stack pointer (high order or low order byte) 

4n + 3 



Task stack pointer (low order or high order byte) 


(2) Command execution 

Table 3 lists the commands of LH8575, and 
Table 4 lists the command execution information. 

In writing command into LH8575 the following 
data entry procedure applies. 

(1) Write parameters needed in writing command 
into CPIO in the order shown in Table 3. Com- 
mands with blank parameter field in Table 3 do 
not require writing. 

(2) Write the command number in CNST. 

(3) It is necessary to confirm the completion of 
command execution by polling D 7 in CNST (D 7 
becomes “1” upon completion of command execu- 


tion). For commands without readout parameter, 
procedure is completed and the following proce- 
dures are unnecessary. Commands with readout 
parameter (CGET, MALC and PEND) further re- 
quire the following procedures. 

(4) When D 6 = 1 in CNST (indicating the read- 
out parameter is prepared in CPIO), parameter 
is read out from CPIO. 

(5) The PRME command must be executed to 
notify parameter readout completion. 

(6) Wait until CNST D 7 becomes “1” to confirm 
the completion of command execution. 
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Table 3 Command table 


Code 

Command name 

Function 

Writing parameter 

Readout parameter 

Remarks 

00„ 

INIT 

LH8575 initialization 

1. Total number of tasks 



01 H 

TSTR 

Termination of LH8575 initialization 

and start of task execution 




02 h 

TCRT 

Task creation 

l 

1. Task number 

2. Priority level 

3. SP (high order or low 
order byte) 

4. SP (low order or high 
order byte) 



03 h 

TDEL 

Task deletion 

Task number 



04 h 

TRSM 

Task resumption 

Task number 



05 h 

TSPD 

Task suspension 

1. Task number 

2. Control switch 


Ci] 

06 h 

TPRI 

Task priority change 

1. Task number 

2. New priority 



07 h 

TSLI 

Task time-slicing process 

1. Priority 

2. Time base 

3. Count 


(2] 

08 h 

TNXT 

Transfer execution right to the next 
task in time-sliced process. 




09„ 

TIMR 

Timer setting 

1. Control code 

2. Count 


[3] 

oa h 

CSET 

Clock setting 

1. Hour 

2. Minute 

3. Second 


* 

0B„ 

CGET 

Clock read out 


1. Hour 

2. Minute 

3. Second 


0C H 

MALC 

Memory allocation 

1. Number of memory 
blocks required 

1. Allocated memory 

address 

* 

0D h 

MREL 

Memory release 




o 

w 

X 

POST 

Message transmission 

1. Mail box number 

2. Message data 1 

3. Message data 2 

4. Message data 3 

5. Message data 4 


[4] 

0F h 

PEND 

Message reception 

1. Mail box number 

1. Message data 1 

2. Message data 2 

3. Message data 3 

4. Message data 4 

* 

10 h 

PMOD 

Port mode setting 

1. Port-1 made 

2. Port-2 mode 

3. port-3 mode 


[5] 

Hh 

PRME 

End of parameter readout 





Note 1: Commands marked by require PRME command execution at parameter readout completion. 

Note 2: Numerals give in ‘writing parameter’ and ‘readout parameter’ indicate the order of writing and reading. 
Note 3: Numerals in ‘remarks’ indicate the reference number of supplementary explanation. 
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Table 4 Command execution information 


Code 

Command name 

Execution information 

00„ 

INIT 

0 Normal termination 

1 Task number or priority setting error 

2 Double specification of same task number 

3 Total number of tasks equal to 0 or larger than 8; error in the number of system con- 
figuration information; RAM table error 

01 H 

TSTR 

0 Nomal termination 

3 Initial information not yet set 

02 h 

TCRT 

0 Normal termination 

1 Task number or priority setting error 

2 Already created 

3 Control tasks more than 8 

X 

CO 

o 

TDEL 

0 Normal termination 

1 Task number error 

2 Specified task not yet created 

4 Specify self 

04h 

TRSM 

0 Normal termination 

1 Task number error 

2 Specified task not yet created 

4 Specify self 

5 Specification of task in ready status 

05 h 

TSPD 

0 Normal termination 

1 Task number or control switch number error 

2 Specified task not yet created 

3 Control switch setting error 

5 Specification of task in halt status 

06 h 

TPRI 

0 Normal termination 

1 Task number or priority setting error 

2 Specified task not yet created 

07 h 

TSLI 

0 Normal termination 

1 Priority error or data error 

5 Cancellation without setting 

08 h 

TNXT 

0 Normal termination 

09 h 

TIMR 

0 Normal termination 

1 Data error 

5 Cancellation without setting 

8 Resuming by TRSM 

oa h 

CSET 

0 Normal termination 

1 Data error 

0B„ 

CGET 

0 Normal termination 

0C H 

MALC 

0 Normal termination 

6 Allocation disabled 

0D h 

MREL 

0 Normal termination 

5 Memory not yet allocated 

0E„ 

POST 

0 Normal termination 

1 Mail box number error or massage data error 

7 Mail box busy 

0F„ 

PEND 

0 Normal termination ' 

1 Mail box number error 

8 TRSM command issued by other task or time out 

10 H 

PMOD 

0 Normal termination 

Hh 

PRME 

0 Normal termination 
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■ Supplement for Writing Parameter 

[l) 

2. Control switch 


d 7 

d 6 

d 5 

d 4 

D 3 

d 2 

_2l 

Do 


Control switch 

0 • Bring to complete stop 

1 I Halt until external event 1 (fall of P3i) 

2 • Halt until external event 2 (fall of P3o) 


( 2 ) 

2. Time base 


\d7 

d 6 

d 5 

d 4 

d 3 

d 2 

_2l 

Do 


Time base 

0 '• Hour 

1 ! Minute 

2 I Second 

3 I 1/100 second 

4 or above ’ Cancellation 


[3] 


1. Control code 


D 7 

d 6 

d 5 

d 4 

d 3 

D 2 I D, 

Do 




' Time base 

0 : Hour 

1 ! Minute 

2 * Second 

3 * 1/100 second 

4 or above • Cancellation 
Unused 

Wait switch 

0 : Wait 

1 I Time out period setting only 

2. Count 


d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

d 4 

Do 


Count (Count multiplied by time base becomes setup time.) 


[ 4 ] 

2. Only in message data 1. “0” is not allowed. 
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[5] 

1. Port-1 mode 


d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

Di 

Do 


Port-1 Hit I/O definition (1 for input; 0 for output) 


2. Port-2 mode 



d 6 


d 4 

d 3 

d 2 

Di 

Do 


•Port -2 bit I/O definition (1 for input; 0 for output) 


3. Port-3 mode 


d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

_El 

Do 


Port 2 • push pull /open drain 

Port 1 • push psll/opnn -drain 

P3i ! External event 1 input 

P3o ^ External event 2 input 

Port -1 handshaking 

/P3i =DAVl/RDYl\ 
\P3 2 =RDYl/DAVlJ 
Port -2 handshaking 

7p3 0 =DAV27RDY2\ 

\P3 3 = RDY2/DAV2/ 
Unused 
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I UOCOA/I UOCAAA Z8590/Z8590A Universal 
Lrl09«/U/ Ln099UH Peripheral Controller 


■ Description 

The LH8590 Z8590 Universal Peripheral Con- 
troller (UPC) is an intelligent peripheral controller 
for distributed processing applications (Fig. 3). 
The LH8590 unburdens the host processor by 
assuming tasks traditionally done by the host (or 
by added hardware), such as performing arithmet- 
ic, translating or formatting data, and controlling 
I/O devices. Based on the Z8 microcomputer 
architecture and instruction set, the LH8590 con- 
tains 2K bytes of internal program ROM, a 256- 
byte register file, three 8-bit I/O ports, and two 
counter/timers. 

The LH8590 offers fast execution time, an effec- 
tive use of memory, and sophisticated interrupt, 1/ 
0, and bit manipulation. Using a powerful and ex- 
tensive instruction set combined with an efficient 
internal addressing scheme, the LH8590 speeds 
program execution and efficiently packs program 
code into the on-chip ROM. 

An important feature of the LH8590 is an inter- 
nal register file containing I/O port and control 
registers accessed both by the LH8590 program 
and indirectly by its associated master CPU. This 
architecture results in both byte and programming 
efficiency, because LH8590 instructions can oper- 
ate directly on I/O data without moving it to and 
from an accumulator. Such a structure allows the 
user to allocate as many general purpose registers 
as the application requires for data buffers be- 
tween the CPU and peripheral devices. All gener- 
al-purpose registers can be used as address point- 
ers, index registers, data buffers, or stack space. 


■ Features 

1. Complete slave microcomputer, for distributed 
processing use. 

2. Unmatched power of Z8 architecture and in- 
struction set. 

3. Three programmable I/O Ports, two with 
optional 2 -Wire Handshake. 

4. Six levels of priority interrupts from eight 
sources: six from external sources and two 
from internal sources. 

5. Two programmable &-bit counter/timers each 


■ Pin Connections 



r \ 

+ 5V|T 

o 

40j P3i 

PCLK [T 

39] P3e 

IEO or P3 7 [T 


U P2 7 

IEI or P3 o[T 


37] P2e 

INT or P3 s|T 


36] P2s 

INTACK or P3 2 Q[ 


u P2< 

RD |T 


m p2 3 

WR U 


U P2 2 

A/D OE 


32] P2i 

cs no 


H P2o 

GNDtH 


30] P3s 

WAIT \U 


29] P3 4 

DBy [13 


28] Pl7 

DBe [u 


ID Ple 

db 5 m 


26] Pis 

db 4 E 


25] Pl 4 

DBs 01 


24] PI 3 

db 2 m 


23] Pl 2 

dbi m 


m pii 

DBo H 

V . J 

2 l| Plo 

Top View 


with a 6-bit prescaler. Counter/Timer TO is 
driven by an internal source, and Counter/ 
Timer T1 can be driven by internal or external 
sources. Both counter/timers are independent 
of program execution. 

6. 256-byte register file, accessible by both the 
master CPU and LH8590, as allocated in the 
LH8590 program. 

7. 2K bytes of on-chip ROM for efficiency and 
versatility. 
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■ Block Diagram 
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■ Pin Description 


Pin 

Meaning 

I/O 

Function 

DB 0 -DB 7 

Data Bus 

Bidirectional 

3 -state 

System data bus 

A/D 

Address/Data Select 

I 

Address/data select signal 

RD 

Read 

I 

Active low. Indicates that reading operation is in prog- 
ress. 

WR 

Write 

I 

Active low. Indicates that writing operation is in prog- 
ress. 

CS 

Chip Select 

I 

Active low. Chip select signal 

WAIT 

Wait 

0 

Active low. Open-drain. Used for synchronization with 
the CPU. 

PI 0 -PI 7 

I/O Port Lines 

I/O 

Parallel I/O 

P2 0 -P2 7 

I/O Port Lines 

I/O 

Parallel I/O 

P3 0 -P3 7 

I/O Port Lines 

I/O 

Parallel I/O 

PCLK 

Clock 

i 

I 

Single-phase clock. This clock does not need to be re- 
lated to the CPU clock. 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Input voltage* 

VlN 

-0.5~ + 7.0 

V 

Output voltage* 

VOUT 

-0.5 -4- 7.0 

V 

Operating temperature 

Topr 

0-4-70 

°C 

Storage temperature 

Tstg 

— 55 — F 150 

°C 


■ Standard Test Conditions 

All voltages are referenced to 
current flows into the reference pin. 


GND. Positive 5 V 



5V 



■ DC Characteristics (Vcc=5V±5%, Ta=0~+70°C) 


Parameter 

Symbol 

Conditions 

MIN. 

MAX. 

Unit 

Note 

Colck input high voltage 

VCH 


2.4 

Vcc 

V 


Clock input low voltage 

VCL 


-0.3 

0.8 

V 


Input high voltage 

VlH 


2.0 

Vcc 

V 


Input low voltage 

VlL 


-0.3 

0.8 

V 


Output high voltage 

VOH 

Ioh = — 250 //A 

2.4 


V 

1 

Output low voltage 

VOL 

IoL=2mA 


0.4 

V 

1 

Input leakage current 

IlL 

0 s VlN s +5. 25V 

-10 

10 

M 


Output leakage current 

IOL 

0 s VlN s +5. 25V 

-10 

10 

M 


Current consumption 

Icc 



250 

mA 



Note 1: For A 0 -An, D 0 -D 7 , MDS, SYNC, MAS, and MR/W/IACK of the device for 64-pin development Ioh= _ 100 /uA and Iol= 1.0mA. 
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■ AC Characteristics 

(1) Master CPU interface timing (Vcc=5V±5%, Ta=0~+70t:) 


No. 

Symbol 

Parameter 

| LH8090 | 

LH8090A | 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

1 

TrC 

Clock rise time 


20 


15 

1 ns 


2 

TwCH 

Clock high width 

105 

1855 

70 

1855 

ns 


3 

TfC 

Clock fall time 


20 


10 

ns 


4 

TwCl 

Clock low width 

105 

1855 

70 

1855 

ns 


5 

TpC 

, Clock period 

250 

2000 

165 

2000 

ns 


6 

TsA/D(WR) 

A/D to WR I setup time 

80 


80 


ns 


7 

TsA/D(RD) 

A/D to RD i setup time 

80 


80 


ns 


8 

ThA/D(WR) 

WR to A/D t hold time 

30 


25 


ns 


9 

ThA/D(RD) 

RD to A/D t hold time 

30 


25 


ns 


10 

TsCSf(WR) 

CS J to WR J setup time 

0 


0 


ns 


11 

TsCSf(RD) 

CS i to RD i setup time 

0 


0 


ns 


12 

TsCSr(WR) 

CS t to WR l setup time 

60 


60 


ns 


13 

TsCSr(RD) 

CS t to RD 1 setup time 

60 


60 


ns 


14 

ThCS(WR) 

WR to CS i hold time 

0 


0 


ns 


15 

ThCS(RD) 

RD to CS i hold time 

0 


0 


ns 


16 

TsDI(WR) 

Data in to WR 1 setup time 

0 


0 


ns 


17 

Tw(WR) 

WR low width 

390 


250 


ns 


18 

Tw(RD) 

RD low width 

390 


250 


ns 


19 

ThWR(DI) 

Data in to WR f hold time 

0 


0 


ns 


20 

TdRD(DI) 

Data valid from RD i delay 





ns 

1 

21 

ThRD(DI) 

Data valid to RD t hold time 

0 


0 


ns 


22 

TdRD(DIz) 

Data bus float from RD t delay 


70 


45 

ns 


23 

TdRD(DBA) 

RD i to read data active delay 

0 


0 


ns 


24 

TdWR(W) 

WR i to WAIT J delay 


150 


150 

ns 


25 

TdRD(W) 

RD i to WAIT l delay 


150 


150 

ns 


26 

TdDI(W) 

Data valid to WAIT T delay 

0 


0 


ns 



Note: The timing characteristics given reference 2.0V as High and 0.8V as Low. All output ac parameters use test load 1. 
Note 1: This parameter is dependent on the state of LH8590 at the time of master CPU access. 
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(2) Interrupt acknowledge timing 


No. 

Symbol 

Parameter 

LH8590 ) 

| LH8590A J 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

27 

TsACK(RD) 

INTACK 1 to RD I setup time 

90 


80 


ns 

1 

28 

TdRD(DI) 

RD J to vector valid delary 


255 


180 

ns 


29 

ThRD(ACK) 

RD t to INTACK t hold time 

0 


0 


ns 


30 

ThlEI(RD) 

RD to IEI t hold time 

100 


100 


ns 


31 

TwRDl 

RD (acknowledge) low width 

255 


250 


ns 


32 

TdlEI(IEO) 

IEI to IEO delay 


120 


100 

ns 


33 

TsIEI(RD) 

IEI to RD i setup time 

150 


120 


ns 


34 

TdACK(IEO) 

INTACK i to IEO i delay 


250 


250 

ns 


35 

TdADKr(IEO) 

INTACK t to IEO t delay 


250 


250 

ns 



Note: The timing charcteristics given reference 2.0V as High and 0.8V as Low. All output ac parameters use test load 1. 
Note 1: In case where daisy chain is not used. 



Interrupt acknowledge timing 
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(3) Handshake timing 


No. 

Symbol 

Parameter 

| LH8590 | 

LH8590A | 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

1 

TsDI(DA) 

Data in setup time 

0 


0 


ns 


2 

ThDA(DI) 

Data in hold time 

230 


230 


ns 


3 

TwDA 

Data available width 

175 


175 


ns 

1,2 

4 

TdDAL(RY) 

Data available low to ready 

20 

175 

20 

175 

ns 

1,2 

delay time 

0 


0 


ns 

2,3 

? 

TdDAH(RY) 

Data available high to ready 


150 


150 

ns 

1,2 

delay time 

0 


0 


ns 

2,3 

6 

TdDO(DA) 

Data out to available delay time 

50 


50 


ns 

2 

7 

TdRY(DA) 

Ready to data available delay time 

0 

205 

0 

205 

ns 

2 


Note 1: Input handshake 
Note 2: Test Load 1 
Note 3: Output Handshake 



DATA OUT ^ 

Data output valid 


h* — (D — H 

Port, write 


DAV OUTPUT 1 

'1 r 

p=f|V 

. © 1 ~ 

^7 — * 

t 

i 

RDY INPUT 

* . 1 

® — L, 

1 


Output handshake timing 


(4) Reset timing 


No. 

Symbol 

Parameter 

LH8590 

LH8590A 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

1 

TdRDQ(WR) 

Delay from RD t to WR i for no reset 

40 


35 


ns 


2 

TdWRQ(RD) 

Delay from WR t to RD i for no reset 

50 


35 


ns 


3 

TwRES 

Minimum width of WR and RD both low for reset 

250 


250 


ns 

1 


Note 1: Internal reset signal is V 2 to 2 clock delays from external reset condition. 
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(5) RAM version program memory timing 


No. 

Symbol 

Parameter 

LH8590 ! 

• LH8590A | 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

1 

TwMAS 

Memory address strobe width 

60 


55 


ns 

1 

2 

TdA(MAS) 

Address valid to memory address strobe t delay 

30 


30 


ns 

1 

3 

TdMR/W(MAS) 

Memory read/write to memory address strobe T delay 

30 


30 


ns 

1 

4 

TdMDS(A) 

Memory data strobe t to address change delay 

60 


60 


ns 


5 

TdMDS(MR/W) 

Memory data strobe t to memory read/write not valid delay 

80 


75 


ns 


6 

Tw(MDS) 

Memory data strobe width (write case) 

160 


110 


ns 

2 

7 

TdDO(MDS) 

Data out valid to memory data strobe i delay 

30 


30 


ns 

1 

8 

TdMDS(DO) 

Memory data strobe t to data change delay 

30 


30 


ns 

1 

9 

Tw(MDS) 

Memory data strobe width (read case) 

230 


230 


ns 

2 

10 

TdMDS(DI) 

Memory data strobe i to data in valid delay 


160 


130 

ns 

3 

11 

TdMAS(DI) 

Memory address strobe t to data in valid delay 


280 


220 

ns 

3 

12 

ThMDS(DI) 

Memory data strobe t to data in hold time 

0 


0 


ns 


13 

TwSY 

Instruction sync out width 

160 


100 


ns 


14 

TdSY(MDS) 

Instruction sync out t to memory data strobe i delay 

200 


160 


ns 


15 

TwI 

Interrupt request via port 3 input width 

100 


100 


ns 



Note: All timing references assume 2.0 V for a logic “1” and 0.8 
V for a logic “0”. All output ac parameters use test load 
2. Timings are preliminary and subject to change. 

Note 1: Delay time are specified for an input clock frequency of 
4 MHz. When operating at a lower frequency, the in- 
crease in input clock period must be added to the speci- 
fied delay time. 

Note 2: Data strobe width is specified for an input clock fre- 


quency of 4 MHz. When operating at a lower frequency, 
the increase in three input clock periods must be added 
to the specified width. Data strobe width varies accord- 
ing to instruction being executed. 

Note 3: Address strobe and data strobe to data in valid delay 
times represent memory system access times and are 
given for a 4 MHz input frequency. 
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■ Functional Description 

(1) Address space. 

On the 40-pin UPC, all address space is commit- 
ted to on-chip memory. There are 2048 bytes of 
maskprogrammed ROM and 256 bytes of register 
file. I/O is memory-mapped to three registers in 
the register file. 

Program Memory Fig. 1 is a map of the 2K 
on-chip program ROM.The first 12 bytes of prog- 
ram memory are reserved for the LH8590 inter- 
rupt vectors. 

Register File This 256-byte file includes 
three I/O port registers (1 h-3h), 234 general-pur- 
pose reginters (6 H -EF H ), and 19 control, status and 
specical I/O registers (0 H , 4 H , 5 H , and F0 H -FF H ). 
The functions and mnemonics assigned to these 


register address locations are shown in Fig. 2. Of 
the 256 UPC registers, 19 can be directly accessed 
by the master CPU; the others are accessed in- 
direcly via the block transfer mechanism. 

UPC instructions may access registers directly 
or indirectly using an 8-bit address mode or a 
4 -bit address mode and a Register Pointer. For the 
4 -bit addressing mode, the file is divided into 16 
working register groups, each occupying 16 con- 
tiguous locations (Fig.3). 

Stacks An 8-bit Stack Pointer (SP), register 
R255, is used for addressing the stack, residing 
within the 234 general-purpose registers, address 
location 6H through EFH. 


2047 


v 


USER 

ROM 


! o LOCATION OF FIRST BYTE OF INSTRUCTION 

LZ EXECUTED AFTER RESET 

11 

IRQ 5 LOWER BYTE 

10 

IRQ 5 UPPER BYTE 

9 

IRQ 4 LOWER BYTE 

8 

IRQ 4 UPPER BYTE 

7 

IRQ 3 LOWER BYTE 

6 

IRQ 3 UPPER BYTE 

5 

IRQ 2 LOWER BYTE 

4 

IRQ 2 UPPER BYTE 

3 

IRQ 1 LOWER BYTE 

2 

IRQ 1 UPPER BYTE 

1 

IRQ 0 LOWER BYTE 

0 

IRQ 0 UPPER BYTE 


IDENTIFIER 

LOCATION (UPC Side) 


FFh 

STACK POINTER 

SP 

FEh 

MASTER CPU INTERRUPT CONTROL 

MIC 

FDh 

REGISTER POINTER 

RP 

FCh 

PROGRAM CONTROL, FLAGS 

FLAGS 

FBh 

UPC INTERRUPT MASK REGISTER 

IMR 

FAh 

UPC INTERRUPT REQUEST REGISTER 

IRQ 

F9h 

UPC INTERRUPT PRIORITY REGISTER 

IPR 

F8h 

PORT 1 MODE 

P1M 

F7h 

PORT 3 MODE 

P3M 

F6h 

PORT 2 MODE 

P2M 

F5h 

To PRESCALER 

PREO 

F4h 

TIMER /COUNTER 0 

TO 

F3h 

T i PRESCALER 

PRE1 

F2h 

TIMER/COUNTER 1 

T1 

FI H 

TIMER MODE 

TMR 

FOh 

MASTER CPU INTERRUPT VECTOR REG. 

MIV 

EFh 

GENERAL-PURPOSE 

REGISTERS 


6h 



5h 

DATA INDIRECTION REGISTER 

DIND 

4h 

LIMIT COUNT REGISTER 

LC 

3h 

PORT 3 

P3 

2h 

PORT 2 

P2 

1h 

PORT 1 

PI 

Oh 

DATA TRANSFER CONTROL REGISTER 

DTC 


Fig.1 Program memory map 


Fig.2 Register file orgranization 
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FFh 


The 4 -bit register 
pointer provides the 
upper nibble of the L 
register file address 
for the 4 -bit address 
mode. 


Fig. 3 Register pointer mechanism 


0 1 1 1 0 0 0 0 








7 5 h (01110101) 









FDh 

FOh 

EFh 

EOh 

DFh 

DOh 

CFh 

COh 

BFh 

BOh 

AFh 

AOh 

9Fh 

9 Oh 
8Fh 

8 Oh 
7Fh 


7 Oh 
6Fh 

6 Oh 
5Fh 

5 Oh 
4Fh 

4 Oh 
3Fh 

3 Oh 
2Fh 

2 Oh 
1 Fh 

1 0 h 
OFh 


The lower nibble of 
the register file 
address (0101) is 
provided by the instruction. 


(2) Ports 

The LH8590 has 24 lines dedicated to input 
and output. These are grouped into three ports of 
eight lines each and can be configured under soft- 
ware control as inputs, outputs, or special control 
signals. They can be programmed to provide Para- 
llel I/O with or without handshake and timing sig- 
nals. All outputs can have active pullups and pull- 
downs, compatible with TTL loads. In addition, 
Port 1 and 2 may be configured as open-drain out- 
puts. 

Port 1 Individual bits of Port 1 can be confi- 
gured as input or output by programming Port 1 
Mode register (P1M) F8H. This port is accessed by 
the UPC program as general register 1H. 

Port 1 may be placed under handshake control 
by programming Port 3 Mode register (P3M) F7H. 

Port 2 Individual bits of Port 2 can be con- 
figured as inputs or outputs by programming Port 
2 Mode register (P2M) F6H. This port is accessed 
by the UPC program as general register 2H, and 
its functions and methods of programming are the 
same as those of Port 1. 

Port 3 This port can be configured as I/O or 


control lines by programming the Port 3 Mode reg- 
ister. Port 3 is accessed as general register 3H. 
The directions of the eight data lines are fixed. 
Four lines, P3 0 through P33, are inputs, and the 
other four, P3 4 through P3 7 , are outputs. The con- 
trol functions performed by Port 3 are listed in 
Table 1. 

Table 1 Port 3 control functions 


Function 

Line 

I/O 

Signal 



P3i 

I 

dav 2 /rdy 2 



P3 3 

I 

DAV^RDY! 

Handshake 







P3 4 

0 

RDY^DAVx 



P3 6 

0 

rdy 2 /dav 2 



[ P3 0 

I 

irq 3 

LH8590 







P3i 

I 

irq 2 

Iterrupt Request* 


P3 3 

I 

IRQi 


1 

1 P3i 

I 

Tin 

Counter/Timer 

i 

i 1 




1 

I P3 6 

0 

Tout 



P3 5 

0 

Int 



P3 2 

I 

INTACK 

Master CPU 







"d 

CO 

o 

I 

IEI 



1 P3 7 1 

0 

IEO 


* P3 0 , P3 lt and P3 3 can always be used as UPC interrupt, re- 
quest inputs, regardless of the configuration programmed. 
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(3) Counter/Timers 

The LH8590 contains two 8-bit programmable 
counter/timers, each driven by an internal 6-bit 
programmable prescaler. 

The T1 prescaler can be driven by internal or 
external clock sources. The TO prescaler is driven 
by an internal clock source. Both counter/timers 
operate indpendently of the processor instruction 
sequence to relieve the program from time-critical 
operations like event counting or elapsed-time cal- 
culation. TO Prescaler register (PREO) F5H and 
T1 Pre-scaler register (PRE1) F3H can be pro- 
grammed to divide the input frequency of the source 
being counted by any number from 1 to 64. A 
Counter register (F2h or F4 H ) is loaded with a 
number from 1 to 256. The corresponding counter 
is decremented from this number each time the 
prescaler reaches end-of-count. When the count is 
complete, the counter issues a timer interrupt re- 
quest; IRQ4 for TO or IRQ 5 for Tl. 

(4) Interrupts 

The LH8590 allows six interrupts from eight 
different sources as follows: 

• Port 3 lines P3 q, P32, and P 33 . 

• The master CPU(3). 

• The two counter/timers. 

These interrupts can be masked and globally en- 


abled or disabled using Interrupt Mask Register 
(IMR) FBH. Interrupt Priority Register (IPR) F9H 
specifies the order of their priority. All UPC inter- 
rupts are, vectored. 

Table 2 lists the UPC's interrupt sourcers, their 
types, and their vector locations in program ROM. 

The LH8590 also supports polled systems. To 
accommodate a polled structure, any or all of the 
interrupt inputs can be masked and the Interrupt 
Request register polled to determine which of the 
interrupt requests needs service. 

(5) Master CPU Register File Access 

There are two ways in which the master CPU 
can acess the LH8590 register file: direct access 
and block access. 

Direct access Three LH8590 registers — 
the Data Transfer Control, the Master Interrupt 
Vector, and the Master Interrupt Control — are 
mapped directly into the master CPU address 
space. 

Block Access The master CPU may transmit 
or receive blocks of data via address xxx 10101. 
When the master CPU accesses this address, the 
LH8590 register pointed to by the Data Indirection 
register is read or written. The Data Indirection 
register is incremented, and the Limit Count register 
is decremented. 


Table 2 Interrupt types, Sources, and Vector locations 


Name 

Source 

Vector location 

Comments 

IRQO 

EOM, XESS, LERR 

0, 1 

Internal (R0 bits 0, 1, 2) 

IRQ1 

DAV1, LRQ1 

2, 3 

External (P3 3 ) 1 edge triggered 

IRQ2 

DAV2, IRQ2, Tin 

4, 5 

^External (P3i) I edge triggered 

IRQ3 

IRQ3, IEI 

6, 7 

External (P3 0 ) 1 edge triggered 

IRQ4 

TO 

8, 9 * 

Internal 

IRQ5 

Tl 

10, 11 

Internal 
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■ Instructions 

(1 ) Addressing modes 

The following notation is used to describe the 
addressing modes and instruction operations. 

IRR Indirect register pair or indirect work- 

ing-register pair address 
Irr Indirect working-register pair only 

x Indexed address 

DA Direct address 

RA Relative address 

IM Immediate 

R Register or working-register address 

r Working-register address only 

IR Indirect-register or indirect working- 

register address 

Ir Indirect working-register address only 

RR Register pair or working-register pair 

address 

(2) Additional symbols 

dst Destination location or contents 

src Source location or contents 

cc Condition code (see list) 

@ Indirect address prefix 

PC Program Counter 

SP Stack Pointer (control register 255) 

FLAGS Flag register (control register 252) 

RP Register Pointer (control register 253) 

IMR Interrupt Mask register (control register 

251) 

Table 3 Condition codes 


Value 

Mnemonic 

Meaning 

Flags set 

1000 


Always true 


0111 

C 

Carry 

c =i 

1111 

NC 

No carry 

C=0 

0110 

Z 

Zero 

Z= 1 

1110 

NZ 

Not zero 

z=o 

1101 

PL 

Plus 

s=o 

0101 

MI 

Minus 

S=1 

0100 

OV 

Overflow 

V=1 

1100 

NOV 

No overflow 

v=o 

0110 

EQ 

Equal 

Z= 1 

1110 

NE 

Not equal 

z=o 

1001 

GE 

Greater than or equal 

(S XOR V) = 0 

0001 

LT 

Less than 

(S XOR V)=T 

1010 

GT 

Greater than 

(Z OR (S XOR V)) =0 

0010 

LE 

Less than or equal 

(Z OR (S XOR V)] = l 

mi 

UGE 

Unsigned greater than or equal 

c=o 

0111 

ULT 

Unsigned less than 

0=1 

1011 

UGT 

Unsigned greater than 

(C = 0 AND Z = 0) = 1 

0011 

ULE 

Unsigned less than or equal 

(C OR Z)= 1 

0000 


Never true 



Assignment of a value is indicated by the sym- 
bol For example, 

dst dst + src 

indicates that the source data is added to the des- 
tination data and the result is stored in the des- 
tination location. The notation “addr(n)” is used to 
refer to bit “n” of a given location. For example to 
refer to bit“n” of a given location. For example, 
dst (7) 

refers to bit 7 of the destination operand. 

(3) Flags 

Control Register 252 contains the following six 
flags: 

C Carry flag 

Z Zero flag 

S Sign flag 

V Overflow flag 

D Decimal-adjust flag 
H Half-carry flag 
Affected flags are indicated by: 

0 Cleared to zero 

1 Set to one 

* Set or cleared according to operation 

— Unaffected 

X 'Undefined 

(4) Condition codes 

Table 3 shows condition code. 
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(5) Opcode map 


Lower Nibble (Hex) 

0 1 2 3 4 5 6 7 8 9 A B C D E F 


x 

CD 

X 


O 

JO 

.a 

Z 

<D 

CL 

Q. 

Z> 


0 

6.5 

DEC 

Ri 

6,5 

DEC 

IRi 

6.5 

ADD 

ri, r 2 

6,5 

ADD 

ri , Ir 2 

10,5 

ADD 
R* Ri 

10,5 

ADD 

IR 2 , R, 

10,5 

ADD 

Ri,IM 

10,5 

ADD 

IR lt IM 

6,5 

LD 

1 * 1 , R 2 

6,5 

LD 

r 2 , Ri 

12/10,5 

DJNZ 

ri.RA 

12/10,0 

JR 

cc, RA 

6,5 

LD 

ri, IM 

12/10,0 

JP 

cc, DA 

6,5 

INC 

1*1 


1 

6,5 

RLC 

Ri 

6,5 

RLC 

IRi 

6,5 

ADC 

i*i,r 2 

6,5 

ADC 

ri , Ir 2 

10,5 

ADC 

R& Ri 

10,5 

ADC 
IR* Ri 

10,5 

ADC 

Ri,IM 

10,5 

ADC 
IRi, IM 
















2 

6,5 

INC 

Ri 

6,5 

INC 

IRi 

6,5 

SUB 

ri, r 2 

6,5 

SUB 

ri , Ir 2 

10,5 

SUB 

R 2 , Ri 

10,5 

SUB 
IR 2 , Ri 

10,5 

SUB 
Ri, IM 

10,5 

SUB 
IRi, IM 
















3 

8,0 

JP 

IRRi 

6,1 

SRP 

IM 

6,5 

SBC 

i*i,r 2 

6,5 

SBC 

1 * 1 , Ir 2 

10,5 

SBC 

Ra Ri 

10,5 

SBC 
IR* Ri 

10,5 

SBC 

Ri,IM 

10,5 

SBC 
IRi, IM 
















4 

8,5 

DA 

R, 

8,5 

DA 

IRi 

6,5 

OR 

ri , r 2 

6,5 

OR 

1 * 1 , Ir a 

10,5 

OR 

R* Ri 

10, 5 

OR 
IR* Ri 

10,5 

OR 

R»,IM 

10,5 

OR 
IRi, IM 
















5 

10,5 

POP 

Ri 

10,5 

POP 

IRi 

6,5 

AND 

ri,r 2 

6,5 

AND 

ri , Ir 2 

10,5 

AND 

R* Ri 

10,5 

AND 

IR 2 , Ri 

10,5 

AND 

Ri.IM 

10,5 

AND 

IRi.IM 
















6 

6,5 

COM 

Ri 

6,5 

COM 

IRi 

6,5 

TCM 

ri,r 2 

6,5 

TCM 

ri , Ir 2 

10,5 
TCM 
R 2 , Ri 

10,5 

TCM 

IR. Ri 

10,5 

TCM 

Ri,IM 

10,5 

TCM 
IRi, IM 
















7 

10/12,1 

PUSH 

r 2 

12/14,1 

PUSH 

ir 2 

6,5 

TM 

ri,r 2 

6,5 

TM 

i*i , Ir 2 

10.5 

TM 

R 2 , Ri 

10,5 

TM 

IR 2 , Ri 

10,5 

TM 

Ri.IM 

10,5 

TM 

IRi.IM 
















8 

10,5 

DECW 

RRx 

10,5 

DECW 

IRi 

12,0 

LDE 

ri , Irr 2 

18,0 

LDEI 

Ii*i ,Irr 2 



















6,1 

Dl 

9 

6,5 

RL 

Ri 

6,5 

RL 

IRi 

12,0 

LDE 

r 2 , Irr a 

18,0 

LDEI 

Ir 2 , Irri 



















6,1 

El 

A 

10,5 

INCW 

RRi 

10,5 

INCW 

IRi 

6,5 

CP 

ri,r 2 

6,5 

CP 

r i , Ir 2 

10,5 

CP 

R» Ri 

ro ,5 

CP 
IR 2 , Ri 

10,5 

CP 

Ri, IM 

10,5 

CP 

IRi.IM 















14.0 

RET 

B 

6,5 

CLR 

Ri 

6,5 

CLR 

IRi 

6,5 

XOR 

ri,r 2 

6,5 

XOR 

ri , Ir 2 

10,5 

XOR 

R»Ri 

10,5 

XOR 
IR 2 , Ri 

10,5 

XOR 

Ri.IM 

10,5 

XOR 
IRi, IM 















16,0 

IRET 

C 

6,5 

RRC 

Ri 

6,5 

RRC 

IRi 

12,0 

LDC 

ri , Irr 2 

18,0 

LDCI 

Irj , Irr 2 




10,5 

LD 

1 * 1 , x, R 2 















6,5 

RCF 

D 

6,5 

SRA 

Ri 

6,5 

SRA 

IRi 

12,0 

LDC 

r 2 , Irri 

18,0 

LDCI 

Ir 2 , Irri 

20,0 

CALL* 

IRRi 


20,0 

CALL 

DA 

10,5 

LD 

r 2 , x, Ri 









1 






6,5 

SCF 

E 

6,5 

RR 

Ri 

6,5 

RR 

IRi 


6,5 

LD 

i*i , Ir 2 

10,5 

LD 

R 2 , Ri 

10,5 

LD 

IR 2 , Ri 

10,5 

LD 

Ri,IM 

10,5 

LD 

IRi, IM 















6,5 

CCF 

F 

8,5 

SWAP 

Ri 

8,5 

SWAP 

IRx 


6,5 

LD 

h*i, r 2 


10,5 

LD 

R 2 , IRi 





J 






J 




J 


6.0 

NOP 


Bytes per 
Instruction 


Lower opcode nibble 


Execution cycles ♦ Pipeline cycles 

\ 4 / 


Upper opcode _ 
nibble 


10,5^ 

C P T 


R 2 , Ri 

JL \ 



"Mnemonic 


First operand Second operand 


2 3 1 


Legend: 

R = 8 -Bit Address 
r = 4-Bit Address 
Ri or r x = Dst address 
R 2 or r 2 = Src Address 

Sequence: 

Opcode, First Operand, Second Operand. 
Note: The blank areas are not defined. 


*2 -byte instruction; fatch cycle appears as a 3 -byte instruction. 
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(6) Instruction summary 


Instruction 

and 

Operation 

Addr. mode 

Opcode 

Byte 

(Hex) 

Flags Affected 

dst src 

C Z S V D H 

ADC dst, src 

(Note 1) 

ID 

* * * * 0 * 

Idst— dst + src + C 



ADD dst, src 
dst— dst + src 

(Note 1) 

on 

* * * * 0 * 

AND dst, src 

(Note 1) 

5D 

— * * 0 — 

1 dst— dst AND src 



CALL dst 

DA 

D6 


SP— SP-2 

IRR 

D4 


@SP— PC; PC— dst 



CCF 

C— NOT C 

EF 

* 

CLR dst 

R 

BO 


dst— 0 

IR 

B1 


COM dst 

R 

60 

— * * 0 — 

dst— NOT dst 

IR 

61 


CP dst, src 
dst— src 

(Note 1) 

AD 

* * * * 

DA dst 

R 

40 

* * * X — 

dst— DA dst 

IR 

41 


DEC dst 

R 

00 

— 5k 5k 5k 

dst— dst — 1 

IR 

01 


DECW dst 

RR 

80 

— * * * 

dst— dst — 1 

IR 

81 


Dl 

IMR(7)— 0 

8F 


DJNZ r,dst 

RA 

rA 


r— r — 1 


Lu 

1 

O 

II 


if r^O PC— PC T dst 



1 Range; + 127- 

-128 



El 

IMR(7)— 1 

9F 


INC dst 

r 

rE 

— 4c * * 

dst— dst + 1 


r = 0 — F 



R 

20 



IR 

21 


INCW dst 

RR 

AO 

— 3k 5k 5k 

dst— dst + 1 

IR 

A1 


IRET 


BF 

4c * 5k 5k 5k 5k 

FLAGS— @SP;SP— SP + 1 

PC— @SP;SP— SP + 2;IMR(7)— 1 



JP cc, dst 

DA 

cD 


if cc is true 


c = 0-F 


PC— dst 

IRR 

30 


JR cc, dst 

RA 

cB 


if cc is true, 
PC— PC + dst 
Range: +127 — 

-128 

c = 0 — F 


LD dst, src 

r IM 

rC 


dst— src 

r R 

r8 



R r 

•"1 

II 

?* 

13 



r X 

C7 



X r 

D7 



r Ir 

E3 



Ir r 

F3 



R R 

E4 



R IR 

E5 



R IM 

E6 



IR IM 

E7 



IR R 

F5 


LDC dst, src 

r Irr 

C2 

— 

dst— src 

Irr r 

D2 


LDCI dst, src 

Ir Irr 

C3 


dst— src 

Irr r 

D3 


r— r + 1; rr— rr+1 1 



LDE dst, src 

r Irr 

82 


dst— src 

Irr r 

92 



Instruction 

and 

Operation 


Addr. mode 


dst src 


Opcode 

Byte 

(Hex) 


Flags Affected 
C Z S V D HI 


LDEI dst, src 
dst**— src 

r— r + 1; rr— rr + 1 


Ir 

Irr 


Irr 

Ir 


83 

93 


NOP 


FF 


OR dst, src 
dst 4 — dst OR src 


(Note 1) 


4D 


- * * 0 — 


POP dst 

dst— @SP 
SP— SP+1 


R 

IR 


50 

51 


PUSH src 

SP 4 — SP — 1; @SP— src 


R 

IR 


70 

71 


RCF 

0-0 


CF 


RET 

PC— @SP; SP— SP+2 


AF 


RL dst 


[c>- W~~o~J 


R 

IR 


90 

91 


* * * * 


RLC dst 


l-fcl* — I 7 o~J 


R 

IR 


10 

11 


* * * * 


RR dst 


ir 


EO 

El 


* * * * 


RRC dst 


kcT- H 7 o~P 


R 

IR 


CO 

Cl 


* * * * 


SBC dst, src 
dst 4 — dst— src— C 


(Note 1) 


3D 


* * * * l * 


SCF 

0-1 


DF 


SRA dst 




? R 
^ IR 


DO 

D1 


* * * 0 - 


SRP src 
RP— src 


IM 


31 


SUB dst, src 
dst 4 — dst — src 


(Note 1) 


2D 


* * * * 1 * 


SWAP dst 


17 4 | 3 ~ . 0~1 


IR 


FO 

FI 


X * * X 


TCM dst, src 
(NOT dst) AND src 


(Note 1) 


6D 


- * * 0 


TM dst ,src 
dst AND src 


(Note 1) 


7D 


- * * 0 - 


XOR dst.src 
dst— -dst XOR src 


(Note 1) 


BD 


* * 0 - 


Note 1: These instructions have an identical set of addressing 
modes, which are encoded for brevity. The first opcode nibble is 
found in the instruction set table above. The second nibble is ex- 
pressed symbolically by a □ in this table, and its value is found 
in the following table to the left of the applicable addressing 
mode pair. 

For example, to determine the opcode of an ADC instruction 
using the addressing modes r (destination) and Ir (source) is 13. 


Addr Mode Lower 


dst 

src 

Opcode Nibble 

r 

r 

El 

r 

Ir 

m 

R 

R 

a 

R 

IR 

ED 

R 

IM 

m 

IR 

IM 

m 
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Z8590/Z8590A Universal Peripheral Controller 


LH8590/LH8590A 


■ Register 


RO (DTC) 

Date Transfer Control Register 

UPC register address (Hex): 00 


[d7 


D6 

d 5 

d 4 

d 3 

d 2 



I/O register pointer = 1- 


(IRP)l 


d7| 


(EOM) 


0 


Disable data transfer =0 
Enable data transfer = 1 

No transfer error = 0 
Transfer error = 1 


(EDX) 


(XERR) 


1 =End of message 

(LERR) q — ]sj 0 limit error 

1 —Limit error 


R4 (LC) 

Limit Count Register 

UPC register address (Hex): 04 


R5 (DIND) 

Date Indirect Register 

UPC register address (Hex): 05 


E 

d 6 j 

Ds 

d 4 

d 3 

d 2 

E 

Do 


Limit count value 

(range : 0 255 decimal 00 FF Hex) 


r^r 

d 6 

d 5 

d 4 

d 3 

d 2 

Dx 

D 0 | 


Indirection address 
(D 0 = LSB) 


R240 (MIV) 

Master CPU Interrupt Vector Register 

UPC register address (Hex): F0 


E 

d 6 

E 

d 4 

d 3 

d 2 

E 


-Vector data (Do=LSB) 


R241 (TMR) 

Timer Mode Register 

UPC register address (Hex): FI 


E 

d 6 

d 5 

d 4 

d 3 

d 2 

E 


T out modes - 
Reserved = 00 
T o out =01 
T i out =10 
Internal clock out= 1 1 


r 


0 =No function 

1 =Load To 

0 = Disable T o count 

1 = Enable To count 


T in modes 
External clock input = 00 
Gate input = 01 
Trigger input (non - retrigger able) = 10 
Trigger input (retriggerable) = 11 


0 =No function 

1 =Load T i 

0 =Disable Ti count 

1 =Enable Ti count 
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Z8590/Z8590A Universal Peripheral Controller 


LH8590/LH8590A 


R242 (T1) 

Counter/Timer 1 Register 

UPC register address (Hex): F2 


LEl 

d 6 

d 5 

d 4 

d 3 

d 2 

_Ei 

Do 1 


El 


T i INITIAL VALUE 
(RANGE : 1-258 DECIMAL 
01-00 HEX) 


R245 (PREO) 
Prescaler 0 Register 

UPC register address (Hex): F5 


d 7 

d 6 

d 5 

d 4 

d 3 

d 2 


Do | 


COUNT MODE 

0 = To SINNGLE-PASS 

1 = To MODULO N 
RESERVED 

PRESCALER MODULO 
(RANGE : 1-64 DECIMAL 
01-00 HEX) 


R243 (PRE1) R246 (P2M) 

Prescaler 1 Register Port 2 Mode Register 

UPC register address (Hex): F3 UPC register address (Hex): F6 



R244 (TO) 


■ COUNT MODE 

0 = Ti SINGLE PASS 

1 = Ti MODULO -N 

■ CLOCK SOURCE 

0 = EXTERNAL TIMING INPUT 
(Tin)MODE 

1 = Ti INTERNAL 
•PRESCALER MODULO 

(RANGE : 1-64 DECIMAL 
01-00 HEX) 


| d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

_El 

Do | 


P2 0 -P2 7 I/O DEFINITION 

0 DEFINES BIT AS OUTPUT 

1 DEFINES BIT AS INPUT 


Counter/Timer 0 Register 

UPC register address (Hex): F4 


d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

Di 

Do 


To INITIAL VALUE 
(RANGE : 1-258 DECIMAL 
01-00 HEX) 


R247 (P3M) 

Port 3 Mode Register 

UPC register address (Hex): F7 


GE 

d 6 

d 5 

d 4 

d 3 

d 2 

_El 

Do 


0 PORT 2 PULL-UPS OPEN DRAIN 

1 PORT 2 PULL-UPS ACTIVE 

0 PORT 1 PULL-UPS OPEN DRAIN 

1 PORT 1 PULL-UPS ACTIVE 

0 P3 5 — OUT PUT 

1 P3s=INT 
RESERVED 

0 P3 3 = INPUT 

1 P3 3 = DAV1/RDY1 

0 P3i= INPUT (Tin) 

1 P3i= DAV2/RDY2 

0 P3o — INPUT 

1 P3o — IEI 

0 P3 2 = INPUT 

1 P3 2 = INTACK 


P3 4 = OUTPUT 
P3 4 = RDY1/DAV1 
P3e- OUTPUT (Tout) 
P3e= RDY2/DAV2 
P3?= OUTPUT 
P3 7 = IEO 
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Z8590/Z8590A Universal Peripheral Controller 


LH8590/LH8590A 


/ 


R248 (PIM) 

Port 1 Mode Register 

UPC register address (Hex): F8 


P6 D5 

d 4 

D3 D2 

Di 

Do I 


Plo-PU I/O 

0 DEFINES 

1 DEFINES 


DEFINITION 
BIT AS OUTPUT 
BIT AS INPUT 


R249 (I PR) 

Interrupt Priority Register 


UPC register address (Hex): F9 (Write Only) 


d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

d 4 

Do | 


RESERVED- 


INTERRUPT GROUP PRIORITY 
RESERVED = 000 
C > A >B =001 
A > B >C =010 
A > C >B =011 
B > C >A =100 
C >B >A =101 
B > A >C =110 
RESERVED =111 


IRQ1, IRQ4 PRIORITY (GROUP C) 

0 = IRQ1 >IRQ4 

1 = IRQ4 >IRQ1 

IRQ0, IRQ2 PRIORITY (GROUP B) 

0 = IRQ2 >IRQ0 

1 = IRQ0 > IRQ2 

IRQ3 , IRQ5 PRIORITY (GROUP A) 

0 = IRQ5 > IRQ3 

1 = IRQ3 > IRQ5 


R250 (IRQ) R252 (FLAGS) 

Interrupt Request Register Flag Register 

UPC register address (Hex): FA UPC register address (Hex): FC 


I_£l 

d 6 

d 5 

d 4 

d 3 

d 2 


O 

Q 


IRQ0 = MASTER CPU 

COMMUNICTAIONS 
IRQ1 = P33 INPUT 

— IRQ2 = P3i INPUT 

— IRQ3 = P3o INPUT 

— IRQ4 = To 

— IRQ5 = Ti 

— RESERVED 



De 

d 5 

d 4 

d 3 

d 2 



L-USER FLAG FI 

USER FLAG F2 

HALF CARRY FLAG 

DECIMAL ADJUST FLAG 
OVERFLOW FLAG 
SIGN FLAG 
ZERO FLAG 
CARRY FLAG 


R251 (IMR) 

Interrupt Mask Register 

UPC register address (Hex): FB 


R253 (RP) 

Register Pointer 

UPC register address (Hex): FD 


De 

d 5 

d 4 

d 3 

d 2 


Do 


1 ENABLES 
1 ENABLES 
1 ENABLES 
1 ENABLES 
1 ENABLES 
1 ENABLES 
RESERVED 
1 ENABLES 


IRQ0 

IRQ1 

IRQ2 

IRQ3 

IRQ4 

IRQ5 


IE 

D 6 

d 5 

d 4 

d 3 

d 2 

II 

Do 


1 


DONT CARE 

REGISTER 

POINTER 

(r4-T7) 


INTERRUPTS 
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Z8590/Z8590A Universal Peripheral Cotroller 


LH8590/LH8590A 


R254 (MIC) 

Master CPU Interrupt Control Register 

UPC register address (Hex): FE 


0 INTERRUPT REQUEST DISABLED 

1 INTERRUPT REQUEST ENABLED 


J 


D6 D5 

D4 

D3 | D2 

IdJ 


t- 


1 END 


OF MESSAGE 


0 NO INTERRUPT UNDER SERVICE 

1 INTERRUPT UNDER SERVICE 


■0 WAIT ENABLE WHEN WRITE 
1 WAIT DISABLE WHEN WRITE 


0 NO MASTER CPU INTERRUPT PENDING 

1 MASTER CPU INTERRUPT PENDING 


0 ENABLE LOWER CHAIN 

1 DISABLE LOWER CHAIN 


0 VECTOR OUTPUT 

1 NO VECTOR OUTPUT 


■0 DISABLE DATA TRANSFER 
1 ENABLE DATA TRANSFER 


R255 (SP) 

Stack Pointer 

UPC register address (Hex): FF 


I_2l 

d 6 


d 4 

D3 1 D2 

Di 

Do 


STACK POINTER ( SP 0 -SP 7 ) 
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Z8591/Z8591A Development Device 


LH8591/LH8591A 


I UQCQ1 /I EJQCQ1 A Z8S91/Z8591A 
LnOD*/ X / L II 0031 M Development Device 


■ Description 

The 64 pin LH8591 (Z8591) is the development 
version of LH8590 Z8590 UPC with internal 
mask-programmed ROM. This device allows user 
to prototype the system in hardware with an actual 
device and to develop the code that is eventually 
mask-programmed into the on-chip ROM of the 
LH8590. 

The LH8591 is identical to the LH8590 with the 
following exceptions. 

• The internal ROM has been removed. 

• The ROM address lines and data lines are buff- 
ered and brought out to external pins. 

• Control lines for the new memory have been 
added. 

The LH8591A is the high speed version which 
can operate at 6MHz system clock. 


■ Pin Connections 


+ 5V|T 

r-y. ^ 

64jP3l 

PCLKJT 

0 

63]P36 

P37/IEOE 


62JP27 

P3o/IEI E 


UP2e 

P3s/INTE 


13P25 

P3 2 /INTACKE 


UP24 

RD|T 


S]P23 

WRU 


UP2 2 

A/DE 


UP2i 

CSH 


M)P2o 

WAITE 


HIP33 

DB 7 Q 2 


53|P34 

DB6[l3 


UPl? 

DBbH 


HJPle 

DB 4 IT 5 


13P15 

DB 3 [T6 


mpD 

GNDd 


mpi3 

DB 2 HI 


niPb 

DBinE 


ZU p 1 1 

DBojJo 


UPlo 

SYNCE 


HD? 

masE 


iUDs 

mdse 


UDs 

1ACK.RDE 


UDi 

Do [25 


ZO Ao 

Dl [26 


MJAi 

D 2 H 


Ua 2 

DSGE 


ID a 3 

Ai 1 [29 


HA 4 

A 10 O 0 


HI A.i 

AolH 


HlAs 

As \E 

V J 

HA7 

Top View 
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Z8591/Z8591A Development Device 


LH8591 /LH8591 A 


Block Diagram 


Data Bus *{ / 


Address/Data (9) 
Read QY 
WritenT) 
Chip Selectno)- 
WaitOlV 


Interrupt Request (5 
Interrupt Acknowledge^ 
|lnterrupt Enable In u* 
Interrupt Enable 0ut(3 

+ 5 VO 
PCLKU 
GNDg 

Interrupt Acknowledge (2? 
Output " 


gYjqQ Program Data Input Program Memory Address Output 

Mas mds 



Interrupt 


ALU 


Interrupt 

Control 


and Flags 


Control 

1 



■ Pin Description 

LH8591 has the same functions as those of a 40-pin device LH8590, and the functions of the additional 
24 pins are as follows: 


Pin 

Meaning 

I/O 

Function 

Ao~An 

Program memory address 

0 

Used for the access to the external memory of 4 K bytes. 

D0-D7 

Program data 

I 

Reads the data through these lines from the external memory. 

IACK/MR 

Interrupt acknowledge 
/memory read 

0 

Active high. This signal becomes high during interrupt or in- 
struction fetch cycle of LH 8591 . 

MAS 

Memory address strobe 

0 

Active low. This signal is output every memory fetch cycle 
for the interface with the external ROM. 

MDS 

Memory data strobe 

0 

Active low. This signal becomes low during instruction fetch 
cycle or write cycle. 

SYNC 

Synchronization 

0 

Active low. This signal becomes low at the clock cycle just 
before Op-code fetching. 
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LH8592/LH8592A 


Z8592/Z8592A Development Device 


I UOCOO /I IJOCQOA Z8592/Z8592A 
U10994/ Ln0994M Development Device 


■ Description 

The 64 pin LH8592 (Z8592) is the development 
version of LH8590 Z8590 UPC with internal 
mask-programmed ROM. This device allows user 
to prototype the system in hardware with an actual 
device and to develop the code that is eventually 
mask-programmed into the on-chip ROM of the 
LH8590. 

The LH8592 is identical to the LH8590 with the 
following exceptions. 

• The internal ROM has been removed. (But 
there are 36 bytes internal ROM for a boot- 
strap program). 

• The ROM address lines and data lines are buff- 
ered and brought out to external pins. 

• Contorl lines for the new memory have been 
added. 

The LH8592A is the high speed version which 
can operate at 6MHz system clock. 


■ Pin Connections 


+ 5VU 

— \ 

IUP31 

PCLKE 

0 

^3jP3e 

P37/IEOE 


2UP27 

P3o/IEI E 


7TIP26 

P3s/INTH 


gP2 5 

P3 2 /INTACKH 


HP24 

rdE 



WRE 


j5)P22 

A/DE 


56] P2l 

cse 


" 55 I P2o 

WAIT|n 


54 JP 33 

db 7 [H 


UP3 4 

DBed 


UPb 

DBsGi 


^TJPle 

DB 4 E 5 


HPI 5 

DBsjTe 


H3 pi 4 

GNDQ2 


48jPl 3 

DB 2 DI 


£]P1 2 

DBiE 


UPli 

DBoE 


45 ] Pl« 

SYNCIH 


44 JD 7 

MAS HI 


«1D6 

mdsE 


42] D 5 

MR/W/IACKE 


IDD 4 

Do|25 


4(j]Ao 

Di m 


39]Al 

D 2 HI 


UA 2 

Ds M 


37]A3 

Anpi 1 


361A4 

Aiofsol 


m As 

a 9 e 


34 ] Ae 

As(32 


33 ] A 7 


s. J 

Top View 
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Z8592/Z8592A Development Device 


LH 8592/ LH 8592 A 


■ Block Diagram 



■ Pin Description 

LH8592 has the same functions as those of a 40-pin device LH8590, and the functions of additional 24 
pins are as follows: 


Pin 

Meaning 

I/O 

Function 

< 

l 

O 

< 

Program memory address 

0 

Used for the access to the external memory of 4K bytes. 

D 0 D 7 

Program data 

I 

Reads/writes the data through these lines from the external memory. 

IACK 

Interrupt acknowledge 

0 

Active high. This signal is always active during interrupt cycle of 
LH8092. 

MAS 

Memory address strobe 

0 

Active low. This signal is output every memory fetch cycle for inter- 
facing with the external RAM. 

MDS 

Memory data strobe 

0 

Active low. This signal becomes low during instruction fetch cycle 
or write cycle. 

MR/W 

Memory read/write 

0 

This signal is high during instruction fetching by LH8592, or low 
while writing into the external memory. 

SYNC 

Synchronization 

0 

Active low. This signal becomes low during clock cycle just before 
Op- code fetching. 
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Z8593/Z8593A Protopack Emulator 


LH8593/LH8593A 


LH8593/LH8593A Emulator 


■ Description 

The LH8593 (Z8593) is a ROM less version of 
the standard LH8590 (Z8590) housed in a pin 
compatible 40 pin package. 

The LH8593 carries a 24-pin soket for a direct 
interface to program memory. 2716 type EPROM 
can be used for program memory. 

The LH8593 allows the user to build the pro- 
totype and pilot production units. When the final 
program is established, the user can then switch 
over the LH8590. 

The LH8593A is the high speed version which 
can operate at 6MHz system clock. 


■ Pin Connections 


' 

r "■ \ 


+ 5 V [T 

o 

40)P3i 

PCLK [T 

39]P36 

P3 7 /IEO |T 


38] P2? 

P3o/ IE I [T 


37]P26 

P3 5 /INT |T 


36] P2s 

P3 2 / INTACK |J 


35] P24 

RD [7 


U P23 

WR |T 


33j P2 2 

A/D QT 


32 ] P2i 

cs H 


HI P2o 

GND QT 


UP33 

WAIT in 


29j P34 

DB? m 


m pi? 

DBs m 


U pu 

db= m 


26] Pis 

DB.1 m 


m pi^ 

db 3 El 


13 pis 

DBz EE 


m P12 

DBi 01 


U pi. 

DBo HE 

> 

m pio 

Top View 
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Z8593/Z8593A Protopack Emulator 


LH8593/LH8593A 


■ Block Diagram 



■ Pin Description 

LH8593 pins are compatible with those of LH8590. For pin description, refer to those of LH8590. 
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Z8594/Z8594A Protopack Emulator 


LH8594/LH8594A 


/ / / / / 


LH8594/LH8594A Emulator 


■ Description 

The LH8594(Z8594)is a RAM version(16K bits 
RAM) of the standard LH8590, housed in a pin 
compatible 40 pin package. 

The LH8594 carries a 24-pin soket for a direct 
interface to program memory, and has 36 bytes of 
internal ROM for a bootstrap program. 

This device allows the user to build the pro- 
totype, and when the final program is established, 
the user can then switch over the LH8590. 

The LH8594A is the high speed version which 
can operate at 6MHz system clock. 
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Z8594/Z8594A Protopack Emulator 


LH8594/LH8594A 


■ Block Diagram 



■ Pin Description 

LH8594 pins are compatible with those of LH8590. 


For pin description, refer to those of LH8590. 
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Key-encoder and Data Transmitter/Receiver 


LH8661 


LH8661 


Key-encoder and Data Transmitter/Receiver 


■ Description 

The LH8661 is a high performance and multi- 
purpose interface LSI which has functions such as 
signal encoding from key matrix circuit, serial data 
transmission/receiving and parallel data input/ 
output. 

The LH8661 can be operated on one of the fol- 
lowing five modes: 

• Encodes a key matrix signal, and outputs the 
data to a serial port (Mode 1). 

• Encodes a key matrix signal, and outputs the 
data to a parallel port (Mode 2). 

• Encodes a key matrix signal, and outputs the 
data to both serial and parallel ports (Mode 3). 

• Encodes a key matrix signal, and outputs the 
data to serial port, concurrently, serial input 
data is converted to parallel and output to a par- 
allel port (Mode 4). 

• Parallel input data is converted to serial and out- 
put to a serial port (key scanning function is 
sleep)(Mode 5). 


■ Features 

1. Key encoding 

• 102 keys compatible with JIS ASCII array can 
be encoded. 

• Selectable encoding (compatible with JIS 
6220-1976 information exchange-code) or 
no-encoding (native code). 

• Encoded data can be transferred in serial or 
output in parallel (mono/bi-modes available) 

2. Serial data communication 

• Encoded key data can be transferred in asyn- 
chronous serial mode. 

• Serial port can be used as an RS232C inter- 
face by attaching buffers. 

• Selectable data format (data 7/8, parity, stop 
bit 1/2). 

•Selectable baud rate (110, 150, 300, 600, 
1200, 2400, 4800, 9600, 19200). 

3. Parallel data input/output 

• Encoded key data can be output to a parallel 
port in parallel. 

• Parallel port can be used as a printer interface 
compatible with Centronics by attaching buff- 


■ Pin Connections 


Vcc [T 

r •> 

40] RTS 

XTAL 2 [T 

O 

39] CTS 

XTALi |T 


38] SLCT 

TxD [T 


37] INPUT PRIME 

RxD [T 


36] FAULT 

RESET [6_ 


35] BUSY 

NC [7 


34] KSO 4 

NC G[ 


33] KSO 3 

NC [£ 


32] KSO 2 

DS/RQ |io 


3] KSOi 

GND |n 


DCD 

ACK/RD [IT 


|3 DTR 

DATAi [IT 


13 KSlI- 

DATA 2 [u 


13 KST7 

DATAi [IT 


26] KSI 6 

DATA 4 [l6 


53 KST7 

DATA5 [TT 


24 ] ksTT 

DATAfi [IT 


13 KST 3 

DATA? [IT 
DATAs [20 

L J 

13 ksti 

13 kstt 

Top View 


ers. 

4. Serial/parallel data conversion 

• This device can be used as a serial/parallel 
data converter with/without a matrix key 
board. 

5. Data buffers 80 bytes XI or 40 bytes X 2. 

6. On-chip crystal oscillator circuit. 

7. Singled- 5 V power supply 

8. 40 -pin dual-in-line package 
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Key-encoder and Date Transmitter/Receiver 


LH8661 


■ Pin Description 


Pin 

Meaning 

I/O 

Function 

KSIj — KSIg 

Key scan input 

I 

Active low. Key scan data signal input 

KS0!~KS04 

Key scan output 

0 

Key matrix scanning signal output 

DATA DAT A 8 

Data bus 

Bidirectional 

3 -State 

System data bus 

DS/RQ - 

Data strobe/request 

0 

Active low. Data strobe signal when mode 1 to 4 is 
selected; request signal when mode 5 is selected. 

ACK/RD 

Acknowledge/read 

I 

Falling edge active. Acknowledge signal when mode 1 to 
4 is selected; read signal when mode 5 is selected. 

BUSY 

Busy 

Bidirectional 

Active high. Indicate printer busy (input) when mode 1 
to 4 is selected; indicate data buffer full (output) when 
mode 5 is selected. 

FAULT 

Fault 

Bidirectional 

Active low. Indicate printer disable (input) when mode 
1 to 4 is selected; indicate data buffer full when mode 5 

is selected. 

INPUT PRIME 

Prime input 

Bidirectional 

Active low. Output printer initialization signal when in 
mode 1 to 4; input data buffer pointer initialization sig- 
nal when in mode 5. 

SLCT 

Select 

Bidirectional 

Active high. Input printer select signal when in mode 1 
to 4; indicate that parallel data output is available to de- 
vice when in mode 5. 

RxD 

Received data 

I 

Receiving data line. 

TxD 

Transmitted data 

0 

Transmitting data line. 

RTS 

Transmission request 

0 

Active Low. Indicate readiness of data transmission. 

CTS 

Transmission enable 

I 

Active Low. Indicate data transmission enabled. 

DTR 

Data terminal ready 

0 

Active Low. Data transmission request signal. 

DCD 

Reception enable 

I 

Active Low. Indicate data reception enabled. 

RESET 

Reset input 

I 

Active Low initialization input. 

XTALi 

xtal 2 

Crystal 

1 Bidirectional 

7.3728 MHz crystal oscillator connected. 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Input voltage 

VlN 

—0.3 — I- 7 .O 

V 

Output voltage 

VoUT 

-0.3- + 7.0 

V 

Operating temperature 

Topr 

0- + 70 

°C 

Storage temperature 

Tstg 

— 65 — H 150 

°C 


■ DC Characteristics (v cc =5v±5%, Ta=o~+7or) 


Parameter 

Symbol 

Conditions 

MIN. 

MAX. 

Unit 

Note 

Clock input high voltage 

VCH . 

Driven by external clock. 

3.8 

Vcc 

V 


Clock input low voltage 

VCL 

Driven by external clock. 

-0.3 

0.8 

V 


Input high voltage 

VlH 

- 

2.0 

Vcc 

V 


Input low voltage 

VlL 


-0.3 

0.8 

V 


Reset input high voltage 

Vrh 


3.8 

Vcc 

V 


Reset input low voltage 

Vrl 


-0.3 

0.8 

V 


Output high voltage 

VoH 

Ioh= “250 juA 

2.4 


V 


Output low voltage 

VOL 

IoL = 2mA 


0.4 

V 


Input leakage current 

IlL 

0 — Vin Si + 5.25V 

-10 

10 

M 


Output leakage current 

IOL 

OSVmS + 5.25V 

-10 

10 

M 


Reset input current 

IlR 

Vcc=5.25V, Vri=0V 


-50 

M 


Supply current 

Icc 



180 

mA 
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Vcc 



V cc 




74LS04 


1.5kf) 


O Crystal 2 
74LS04 yff 15pF MAX ’ 
-<j>- — O Crystal 1 
^ 15pF MAX. 


External C. G. circuit 


■ AC Characteristics 
(1) Serial port timing 

(i) Reception (Vcc = 5 V +5%, OSC freq. = 7.3728 MHz, Ta = 0 to +70°C) 


No. 

Parameter 

Symbol 

MIN. 

MAX. 

Unit 

Note 


Time from DCD i to DTR signal output 

Tb DCD(DlR) 

15 


/IS 




(ii) Transmission (Vcc = 5 V ±5%, OSC freq. = 7.3728 MHz, Ta = 0 to +70°C) 


No. 

Parameter 

1 

Symbol 

MIN. 



Note 

© 

Time from RTS i to CTS signal acknowledge 

Td RTS(CTS) 

2.7 


Kill 


© 

Time from RTS i to data (TxD) output 

Td RTS(TxD) 

25 


/IS 
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(2) Parallel port timing 

(i) Input (Vcc=5 V ±5%, OSC freq =7.3728 MHz, Ta=0 to + 7Q°C) 


No. 

Parameter 

Symbol 

MIN. 

MAX. 

Unit 

Note 

© 

INPUT PRIME pulse width 

TwIP 

7.0 


s 


© ' 

Time from INPUT PRIME t to RQ signal output 

Td IP (RQ) 


13.8 

/xs 



RQ pulse width 

Tw RQ 

4.3 


MS 


© 

Data settlement time from RD l 

Tr RD (D) 

16 


/us 




(ii) Output (Vcc=5 V±5%, OSC freq. =7.3728 MHz, Ta=0 to + 70°C) 


No. 

Parameter 

Symbol 

MIN. 

MAX. 

Unit 

Note 

© 

Time from INPUT PRIME t to ACK 1 

TdlP(ACK) 

5.0 


MS 


© 

Time from ACK 1 to data output 

TdACK(D) 

23 


MS 



Time from data to DS i 

TdD(DS) 

5.4 


MS 


© 

DS pulse width 

TwDS 

2.6 


MS 




■ Operation Mode Setting 

The LH8661 is available in five operation mod- 
es which are obtained by combining the key data 
encode, parallel data transfer, and serial data 
transfer functions (Fig.l). An Operation mode is 
selected with mode switches (MODE1-MODE4) 
which control the scan signal, SCANi, and key 
scan input signals, KSI 5 -KSI 8 . 

■ Key Matrix Configuration 

The key matrix consists of key scan input sig- 
nals (KSIi-KSI 8 ) and scan signals (SCANi -SCAN 16 ). 
The matrix requires status control circuit (switch- 
es plus diodes) in addition to the maximum 102 


types of keyboard switches. 

The status control circuit should consist of op- 
eration mode selector, transmit data format selec- 
tor, and baud rate selector. The LH8661's opera- 
tion mode is selected by these settings. 

The compatible keyboard types, their configura- 
tion and status control switches on the key matrix 
and shown in Fig. 3. Conformity of key data to the 
JIS code requires the key arrangement shown in 
Fig. 2. The status control circuit should consist of 
the SCANi-SCAN 2 and key scan input signals 
(KSIi~KSI 8 ). (Note. Shaded sections in the fig. are 
not usable.) 


554 


•SHARP 




Key-encoder and Data Transmitter/Receiver 


LH8661 



RS232C 


Parallel output 


Keyboard 

( i ) Operation mode 1 





^(Parallel L 

output Printer with 


Keyboard 

(ii) Operation mode 2 


Centronics interface 


□ 


□ 


RS232C 

loof 


LH8661 



Serial output ) ^^J J ^Parallfl 

/ : f jlll 11 1 1 \ ^ ^ \\ Qut P ut P rint er with 


Centronics interface 


Keyboard 

(iii) Operation mode 3 



(iv) Operation mode 4 


□m 


Serial output 


LH8661 


joo 

J Parallel output 

(v) Operation mode 5 


10=0 

RC232C 


Fig. 1 Description of device operation modes 


SCAN SCAN SCAN SCAN SCAN SCAN SCAN SCAN SCAN SCAN SCAN SCAN SCAN SCAN SCAN SCAN 


1 


8 


10 11 12 13 14 15 16 


M0DE4 

BPS1 

LOCAL 

SCAN 

Ii 

DEL 

sk 17 

0 

8 

SK! 

sk 9 

1 ’<§) 
3? 

9 ) 3 

3 

0_® 

~7 

Q ID 

9 

k j® 

< 

M0DE3 

BPS2 

KANA 

tiff 

ESC 

sk 18 

l 

9 

sk 2 

SK 10 

2 ® 

0 7 

*7 

i 

A^@ 

L © 

') 


M0DE2 

BPS3 

ALPH 

LOCK 

§j 

BS 

sk 19 

2 

SP 

sk 3 

SK n 

,# 
o T 

T 


u^d) 

S k ® 
r 

; > 
Is 

n 9 © 

M0DE1 

BPS4 

BREAK 

Ii 

LF 

HOME 

3 


sk 4 

sk 12 

4* * 
0 

A (§) 

Y ®) 
> 

d @ 

y 

* 

. ® 
V 

B _® 

CODE 

SLOT 

BPS5 

8 

jj 

HTAB 

T 

4 

+ 

sk 5 

sk 13 

°/o 

5 x 

X' 

¥ 

T *® 

F ® 


V © 
£. 

CR-LF 

MODE 

BPS6 

jJ 

jj 

RETURN 

i 

5 

- 

sk 6 

sk 14 

V 

[ ’ r 

R 

G + ® 

® 

O 

C y® 

7/8 

bit 

BPS7 

If 

CTRL 

ENTER 

- 

6 

* 

sk 7 

sk 15 

V 


V 


? 

/;• 


Parity 

(*) 

BPS8 

IS 

SHIFT 

EXT 

- 

7 

/ 

sk 8 

sk 16 

8 ( 3. 
-3L 

P *® 

w_® 

T 

J ® 

"7 

> 

JU° 

Z y 

"J 

U - 

L a- j 


Status control Control 
switches key 


Data key 


-KSIs 
-KSb 
*KS k 
► KSL 
►KSb 
-Ksi; 
-KSb 
-ksi; 


- B - 


Note 1 • A, B and C are local scan blocks Alphanumeric section — 1» /j 

Note 2 ’ Shaded sections in the diagram are not usable (SI) ' 


KANA section 

^ 1 (SO) 


Fig. 2 Key types and key arrangement 
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■ Keyboard Matrix 

(1 ) Key types and arrangement 

The LH8661 is capable of encoding data from 
up to 102 types of keys arranged on a k ey matrix 
which consists of key scan input signals, KSIi-KSIg, 
and scan signals, SCAN 3 -SCAN 16 . The 102 types of 
keys are divided into the following two blocks: 

(D Data key block: Consists of 96 keys 
arranged on the matrix composed of scan signals 
SCAN 5 -SCANi 6 and key scan input signals 
KSIi-KSI 8 . When the JIS code system is selected 
(code select switch at OFF), key data is encoded 
into the transmit character codes shown in Fig. 5. 
In this case the key arrangement shown in Fig. 3 
is required. When the native code system is 
selected (code select switch at ON), key data is en- 
coded into the transmit character codes as shown 
in Fig. 6. 

(2) Control key block: Consists of six keys on 
the matrix which is composed of scan lines 
FCAN3-SCAN4 and key scan input signals 
KSIi-KSIg. These keys are used to control data 
key encoding and key scanning. The shaded por- 
tion of the control key block shown in Fig. 2 is not 
usable. 


(2) Transmit character codes 

The LH8661 can encode key data into JIS or na- 
tive codes. Fig. 4 shows the transmit character 
codes that conform to the JIS C 6220-1976 In- 
formation Exchanging Codes. Fig. 5 shows the na- 
tive transmit character codes. The following figure 
shows typical combinations of keyface symbols in 
the alphanumeric and Kana sections of a key. 

/ 

Alphanumeric section ^ KANA section 


1 

~7 


/ 

/ 


\ 

\ 

® 

/ 


c 

mmmmmrn 


/ 

/ 

Fig. 3 Keyface symbols 

(3) Key entry operations 

The LH8661 supports the following key entry 
features: 

• Key contact bounce time of approx. 5 ms. 

• Two-key rollover and N-key lockout. 

• Typamatic capability 

If any data key other than those listed below is 


Output code ( 67 b6 bs b4 b3 62 bi bo ) 



□ 

(SI) 

(SO) 

EB 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

ES 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 

1 

Bi 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

Bi 

B 

B 

B 

B 

□ 

fl 

fl 

B 

0 

1 

0 

1 

0 

1 

0 

1 

b 3 

b 2 

bi 

bo 

Col/ 

Row 

0 

1 

2 

3 

4 




8 

9 

A 

B 

c 

D 

E 

F 

□ 

□ 

□ 

□ 

□ 



EH 

0 

m 

□ 

B 

□ 


EH 

m 

BI 

B 

Bi 

m 


□ 

□ 


D 

□ 



! 

1 

a 


B 



Si 


fl 


T1 

b 

fl 

□ 

□ 

D 

fl 

a 



” 

2 

B 

B 

B 

fl 

B 


b 

fl 

"J 


(D 

fl 

□ 

□ 

D 

D 

m 



# 

B 

B 

B 

B 

B 



a 


B 

B 

fl 


0 

D 

D 

□ 

a 



$ 

4 

D 

T 

d 

t 



X 



fl 

A 


0 

1 

0 

l_L 

5 



% 

5 

E 

U 


u 


ns 

• 

B 

B 

B 

A 

fl 

0 

1 

1 

0 

6 



B 

B 

B 

V 

B 

B 



B 



- 


fl 

□ 

D 

D 

D 

7 



B 


B 


B 




B 


B 

B 

a 

fl 

D 

□ 

□ 

□ 

□ 

m 


B 

B 

□ 

□ 

B 

B 



B 

B 

m 

B 

a 

fl 

E 

0 

0 1 

0 

II 



B 


fl 

B 

B 

B 


j^S 

B 

B 

a 

fl 

A 

fl 

b 

□ 

D 

□ 

□ 

m 



B 

fl 

B 

B 

B 


a 



a 

B 

fl 



0 

1 

1 

□ 

m 

3J§ 

B 


□ 

B 

B 

B 



B 

fl 





D 

a 

D 

a 

fl 

, 


, 

fl 

B 

B 

fl 

B 

B 

EH 

B 

B 

B 

fl 

fl 

fl 

D 

0 


D 

□ 

m 

B 

- 

= 

HI 

fl 

E3 

B 


S3! 

B 

fl 



A 

fl 

D 

a 

D 

B 

B 

ESI 



IB 

B 

fl 

B 

B 

r 


B 

B 

fl 

B 

A 

fl 

D 

a 

a 

D 

a 

1 

fl 

m 

fl 

B 

IB 

□ 

m 

fl 


IB 

fl 

B 

B 

fl 

fli 


t 

1 


HOME 

SK 17 

SKig 

SK 19 


ESC(1Bh)+A( 41 h ) 
ESC+B(42 h ) 
ESC+C(43 h) 
ESC+D(44 h ) 
ESC-f H(48 h ) 
ESC+E (45 h ) 
ESC+J (4 Ah) 
ESC+K(4B h ) 


Fig. 4 Transmit character codes (1) — JIS codes 
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Output code (b 7 b 6 b 5 b 4 b 3 b 2 b 0 ) 



b 3 
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0 

0 

0 

1 

1 

1 

1 

1 

1 

1 


b 2 
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1 

1 

1 

0 
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0 

1 

1 

1 

1 

bi 
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0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

b 0 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

b 7 
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Col/ 

Row 

4 

5 

6 

7 

8 

9 

A 



D 

E 

D 
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1 

0 

0 

0 

0 
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- 

7 

/ 
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"J 
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1 
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- 

6 

* 
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sk 14 

& 

6 t 
* 

[*/ 

R © 

7 

G ($ 

T 

© 

p 

c © 

V 

0 

1 

0 

1 

1 

3 

HTAB 

t 

4 

+ 

sk 5 

SKis 

,96 

b X 
X 

¥ Jg> 

T /> 

F @ 
/\ 

A 

V ® 

0 

1 

1 

0 

0 

4 

LF 

HOME 

3 


sk 4 

sk 12 

. $ 

4 r? 

7 

A @ 

"S 

V @ 
> 

D @ 

'> 

* 

: © 
■T 

B © 
=1 

0 

1 

1 

0 

1 

5 

BS 

sk 19 

2 

SP 

sk 3 

SK u 

O -? 

T 


u © 

s ® 

h 

+ 

; @ 
u 

N 

0 

1 

1 

1 

0 

6 

ESC 

SKis 

1 

9 

sk 2 

SK io 

2 (§> 
7 

0 5 

n 

i _® 

A^@ 

L @ 

u 


0 

1 

1 

1 

1 

7 

! 

DEL 

SKl7 

0 

8 

SK ! 

sk 9 

1 ! @ 

7 

9 } a 
a 

o (D 

7 

Q ® 

£ 

K © 

y 

< 


Note : b 7 = l when KANA key is ON, b 7 = 0 when off. 

Fig. 5 Transmit character codes (2)...Native codes 


pressed and held for more than 1 second when the 
JIS code sytem is selected, the corresponding 
transmit character code is repeatedly entered at a 
frequency of approx. 20 Hz. When the native code 
system is selected, all the 96 data keys are effec- 
tive for the auto repeat function. 

rPELl fESn fBSl rLFl IHTABl 1 RETURN 1 
I ENTER 1 fETXl 

The above control keys are not effective for the 
auto repeat function. 

■ Serial Data Transfer 

The LH8661 transmits serial data via RS232C 
interface when in modes 1, 3, or 5. It can transmit 
and receive serial data when in mode 4. 


The serial data format can be selected from 7 
bits with parity, 7 bits with no parity (b 7 fixed at 
‘0’), and 8 bits with no parity. Selection is ex- 
ecuted with bit 7 or 8 and with parity switch (see 
description of transfer data format setting). 

Fig. 6 shows the serial data format. 

(1) Transmit mode 

The LH8661 automatically adds one start bit 
and two stop bits to transmit data. It holds TxD at 
high to maintain mark status between characters. 

(2) Receive mode 

Receive data must have one start bit, eight data 
bits, and at least one stop bit. While the receiver 
has a two-stage buffer, data will not be protected 
in the event of an overrun. 
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Transmitted data (With parity) 



Reception data (No parity) 



Reception data (With parity) 


| SP 

CE 

be 


b 4 

b3 

E 

E 

f ~ 

ST 


— ~r 

Start bit 


7 data bits 
Odd parity 
1 stop bit 


Fig. 6 Serial 

■ Parallel Data Transfer 

When in modes 2, 3, and 4, the LH8661 can 
transfer parallel data to a printer having Centro- 
nics interface. When in mode 5, it can receive pa- 
rallel data through Centronics interface. 

(1) Centronics interface (parallel data trans- 
mission) 

The LH8661 maintains INPUT PRIME at low 
for a given time period after being reset. The 
attached printer usually uses this signal to initial- 
ize its internal circuitry. The LH8661 then tests 
the SLCT and FAULT inputs to see whether or 
not the printer is ready for operation. When trans- 
mitting data, the device also tests for BUSY sig- 
nals from the printer. When signal is at high, the 
printer is busy printing and the device waits for 
the printer to become ready. When the printer re- 
turns to the ready status, it resets the BUSY sig- 


data format 

nal to low and sets the ACKNLG signal at high. 
Seeing that the ACK signal (inverse of ACKLNG) 
is set to active low, the LH8661 transmits print 
data. It then sets the DS signal to low a given time 
period after completing data transmission. The 
printer uses the DS signal to read the data on the 
data bus (DATAi-DATAg) and prints it. 

The data transmission timing is shown in Fig. 7. 
(2) Parallel data reception 
When the LH8661 is placed in mode 5, the pa- 
rallel data port becomes a Centronics input port. 
Input data received through this port can be out- 
put in serial form after being subject to parallel-- 
to -serial conversion. The control signal SLCT is 
set to high when the LH8661 settles in mode 5. 

In receiving parallel data, the INPUT PRIME 
signal must be set to low for a given time period. 
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INPUT PRIME (output) 
BUSY (input) 

ACK (input) 
DATA1-DATA8 (output) 
DS (output) 


\ 


x 


Data settled 




Fig. 7 Parallel port output timing 


INPUT PRIME (input) 




BUSY (output) 


\ 


RQ (output) 




DATAi-DATAs (input) 


x 


Data settled 


RD (input) 


Fig. 8 Parallel port input timing 


Receiving this low transition signal , the LH8661 
responds by initializing the data buffer pointer 
and setting both the BUSY and RQ signals to low. 

Seeing that the ACKLNG signal is set to high, 
the data output device outputs data, then sets the 
DATA STROBE signal to low after a given time 
period. The LH8661 uses this signal to read data 
off the data bus (DATAi-DATAg). The LH8661 
then sets the RQ signal to low to repeat data read 
operation until the data buffer becomes full. 

When the data buffer becomes full, the LH8661 
activates the BUSY and FAULT signals to inform 
the output device. The parallel port input timing is 
shown in Fig. 8. 

■ Data Buffer 

The LH8661 has a built-in 80-byte RAM for 
data buffer, which is used to hold key entry data, 
serial input data or parallel input data. 

When the device is in mode 1, 2, or 3, the full 


80-byte length of the buffer is used to hold key 
entry data. When the device is in mode 4, the buf- 
fer is divided into a 40-byte segment to hold key 
entry data and another 40-byte segment to hold 
serial input data. When in mode 5, the full 
80-byte length of the buffer is used to hold para- 
llel input data. 

When the buffer becomes full, the LH8661 be- 
haves as follows: 

• No longer writes key entry data into the buffer. 

• During serial data input, sets the DTR signal to 
high to indicate buffer-full status to the data 
output device (having RS-232C interface). The 
LH8661 accepts no serial data transferred 
while the DTR is at high. 

• During parallel data input, activates the BUSY 
and FAULT signals to indicate buffer-full sta- 
tus to the parallel data output device. The 
LH8661 outputs no RQ signal while the BUSY 
and FAULT signals are active. 
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Development Support System 


SM-D-8000II 


■ Description 

This system operates under control of the floppy 
disk operating system (FDOS), and incorporates 
software for developing Z80 application programs. 
The software includes a relocatable macro assem- 
bler, a text editor, and a debugger. The system 
facilitates Z80 software development and mini- 
mizes developing time. In addition, program de- 
veloping software for Z8, Z8000 and SM series 
can also be used in this system. The system can 
also be an aid for developing Z80A and Z8 sys- 
tems by connecting the In-circuit Emulator (Z80A 
or Z8) to the system. In conjunction with a PROM 
writer, the system writers EPROMs directly furth- 
er reducing developing time. 

■ Features 

1. Z80A CPU (clock frequency •: 4MHz) 

2. RAM : 64K bytes 

3. Two double-sided double- density floppy disk 
drives in standard (capacity : 2M bytes) 

4. RS232C 2ports 

20mA curren loop lport 
(shared with RS232C port) 



Baud rate 110 — 19200B 
(9 levels selective) 

5. Optional hardware 
PROM writer 

Z8/Z80B In-circuit Emulator etc. 


Block Diagram 


A.C.100V 
50/60 Hz 


, Protect SW Programmable SW 
FD1 SUB 
PRO SW,SW1 SWO 

10Rr SUBCPUboard 


CPU 
Z80 A 


mmm 

ES3MHH 

FDC 

RAM (64 KB) 
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■ Software Organization 


I — Control 
processor 


SM-D-8000II 

FDOS 


SM-D-8000II 

Operating 

system 


h Language 
processor 


I — Utilities 
(option) 



-High-level 

language (option) 


C 


Resident monitor 
Command line interpreter 


r Resident software 
Z80 (standard) 


■ — Cross software 
(option) 


— Text editor 

— Relocatable macro assembler 

— Linker 

— Librarian 

— Symbolic debugger 
— System generator 

— SM series software package 
for 1-chip microcomputer 

— Z8 cross-assembler development 

— Z-UPC cross-assembler 

— Z8000 software package 


E PROM programmer 

Z80B in-circuit emulator debugger 
Z8 in-circuit emulator debugger 


-c 

- PASCAL 

- FORTH 
-FORTRAN 

- COBOL 
-BASIC 


CP/M is a registered trade mark of Digital Research Inc. 
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Development Support System SM-D-8100 


■ Description 

This system in based on the Z8001 CPU and 
operates under control of the floppy disk operating 
system (SM-DOS8100). The system provides a 
standard set of software for developing Z8000 
programs. There include C compiler, relocatable 
macro assembler, text editor and linker for cost 
effective software development. The SM-D-8100 
consists of main unit and a floppy disk drive 
unit. The main unit is provided with four RS232C 
ports so that the system can be connected to other 
devices. The system has 256K-byte of RAM for 
flexible upgrading in the future. 


■ Features 

1. Z8001 CPU (clock frequency : 4MHz) 

2. RAM : 256K bytes (1 parity bit per 8-bit) 

3. Two double-sided double-density floppy disk 
drives in standard (separate unit), (Capacity: 
2M bytes) 

4. Four RS232C ports Baud rate : 110-19200B 
(9 levels selective for each port) 

5. Centronics parallel output port 

6. High-grade language, C compiler in standard 

7. Optional hardware : 

SM-E-8100 In-circuit Emulator 
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Development Support System SM-D-8100 


LH8DH130 


Block Diagram 


Main Board Slot 1 


Clock 


Z8001 

CPU 


OSC. LmhJ 


ROM max 



Z8010 



16KBytes 


MMU 

— 





RAM 256KByteJ j of Zilog.Inc. 


with Parity 


1ZBI is the Trademark 


l 


Internal Bus 
4 MHz 
16 MHz 


I ZBI Bus 

Buffer. | 
| BCLK 

/MCLKl 


Main Board Slots. 
3 4 5 


ZBI 


I 



r 


Main Board Slot 2 , - , 

m 


Disk Drive Control 


DMA 


Internal Bus 


Z 8036 CIO 
Centronix 

| I Interface I I 


IX 

Z8030X2 RS232C 
Interface 

355S 


ZBI Bus 
Buffer 


+ 12 V- 
-12 V- 
+ 5 V— 
GND^ 


Power Supply 

5 


Centronix Parallel Output RS232C Ports 


Disk Drive 


Disk Drive 


(FDO) 

(FDl) 



6 

AC 100 V 


■ Software Organization 


SM D -8100 
Operating system 
(SM DOS 8100) 


j Control processor (standard) 

b Resident monitor 

Command line interpreter (CLI) 

| Language processor 

Resident software (Z8000) (Standard) 

“C compiler 
-Text editor 

-Relocatable macro assembler 
“Linker 
“Librarian 
| Debugger 

“Translator (Z80 — * ► Z8000) (Standard) 

| PASCAL (under development) 

“Floating point arithmetic routines (under development) 
l Cross software (Option) 

E Z80 cross assembler (Development planned) 

Z8 cross assembler (Development planned) 

ZUPC cross assembler (Development planned) 


-Utility (Option) 


General-purpose OS (Planned) 
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Development Support System SM-D-8200 


LH8DH140 


'4 


LH8DH140 


Development Support System SM-D-8200 


■ Description 

LH8DH140 is a microcomputer system using the 
Z8001CPU. It is used as the microcomputer de- 
velopment support device or as the general-purpose 
microcomputer system, with the SM-UX8000 gener 
al-purpose operating system mounted, which is based 
on the system of Bell Laboratories. 


■ Features 

1. Main memory function 

• 768K byte RAM 

• 1 parity bit for each 8 bits 

• Memory management function 

2. Supplementary memory function 

• Hard disc drive : 1 

Winchester type, 8 inch, 20M bytes 

• Floppy disc drive : 1 

for back up of hard disc equipment 
double-side double- density, 8-inch, 1M 
bytes 

3. I/O interface 

• Serial I/O interface: 4 ports 
RS232C compatible 

Baud rate: 110 — 9600 for each port 

• Parallel I/O interface : 1-port 
Centronice compatible 

4. Optional hardware 

• Z8000 in-circuit emulator (SM-E-8100) 

• Z8000 evaluation board 

• Z8 in-circuit emulator 
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Development Support System SM-D-8200 


LH8DH140 


Block Diagram 


AC100V 
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■ Main Board Slot 2 
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Development Support System SM-D-8200 


LH8DH140 


■ Software Organization 


SM-UX8000 
Operating system 


Kernel 

Shell 

System utilities 


User access control 

File managment 

Status display 

System maintenance 

Program run control 

Software development tools 

I Languages 


Assembler (For Z8001) 

C compiler (For Z8001) 

C source beautifying program :cb 

C program checker: lint 

Spreadsheet interpreter 

FORTRAN 77 compiler (option) 

i 

Text processing 

b Text editor :ed 

Stream editor :sed 

— Programming support 

Debugger : adb 

Loader 

SCCS (Source code control system) 
Program maintenance program 


1 Cross software 

t Z8 cross software 
Z80 cross software 
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Z80B In-Circuit Emulator 


LH8DH312 


LH8DH312 


Z80B In-Circuit Emulator 


■ Description 

This is an SM-D-8000 II option, which provides 
emulation functions for Z80B systems. The emu- 
lator operates under the control of FDOS. It 
facilitates debugging and reduces development time 
and costs. 


■ Features 

1. Support Z80B (6MHz) system 

2. Real-time emulation 

3. User system memory : 64K bytes 

4. User I/O port: 256 ports 

5. Memory address mapping function (unit:4K 
bytes) 

6. Hardware break point: 2 
(with 16-bit counter) 

7. User system RAM: 64K-byte static RAM 

8. In-circuit emulator debugger 

9. Execution modes of user program 

(i) Real-time 

(ii) 1 step (number of steps can be set) 

(iii) Trace 

(iv) Snapshot 

10. Program can be change at mnemonic. 

11. I/O device if the user system can read the 
RETI instruction in the user RAM. 

12. All the interrupts (NMI,mode 0,1,2) can be 
used by the user. 
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Z80B In-Circuit Emulator 


LH8DH312 











Z8 In-Circuit Emulator II 


LH8DH321 


LH8DH321 


Z8 In-Circuit Emulator II 


■ Description 

Z8 in-circuit emulator II (LH8DH321) is a de- 
vice which has the function to support the develop- 
ment of the Z8 MCU 8-bit single-chip microcomput- 
er (4Kbytes internal ROM : LH0811/LH0813, 2K 
bytes internal ROM : LH0801/LH0803). Software 
developed by the host computer can be downloaded 
via RS232C into this emulator for program debug 
purposes. 

Prototype Z8 application systems under develop- 
ment and developed systems can be emulated on 
the real time basis. 

By debugging the user system while emulating, 
the development term of the user system or mainte- 
nance period becomes shorter. 

■ Features 

1. Usable for 4K and 2K bytes internal ROM 

2. Stand-alone type: load the program from the 
host computer, and save the program to the 
host computer after debugging. 

3. Mapping RAM can be designated for memory 
area both of program and data. 

4. User program in the external ROM can be 
transferred to the mapping RAM. 

5. Possess line assembler and reverse assembler, 
making debugging effective. 



6. Break point possessing 8-bit break counter can 
be set : up to 4096 in the internal ROM (up to 
2048 in the 2K internal ROM) 1 in the exter- 
nal ROM/RAM. 

7. Step and trace of user program can be ex- 
ecuted. 

8. Contents of user program and register can be 
displayed and changed. 

9. I/O ports and register files can all be executed 
by the user. 


■ Block Diagram 
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Z8000 Evaluation Board 


LH8DH330 


/ / / 


LH8DH330 


Z8000 Evaluation Board 


■ Description 

This board is designed for evaluating application 
systems using the Z8000 16-bit microprocessor. 

It is also available for a development system due 
to the emulation function. 


■ Features 

1. Oser RAM : 32K bytes 

2. Monitor ROM ; 8K bytes 

3. Break point : 1 point 

4. Support for debugging Z8001 CPU Z8002 
CPU programs 

5. In-circuit emulation functions 

6. Object program execution : Real time, single 
step, and trace 

7. Connection with SM-D-8000 II /SM-D-8100 
via RS232C interface 



■ Block Diagram 
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Z8000 In-circuit Emulator SM-E-8100 


LH8DH340 


LH8DH340 


Z8000 In-circuit Emulator SM-E-8100 


■ Description 

The SM-E-8100 supports the development of 
Z8000 systems based on either the Z8001 or 
Z8002. A developed program loaded in the user’s 
system memory or the emulator memory (user RAM 
area) can be executed in real time. The SM-E- 
8100 can emulate not only programs supplied from 
a host equipped with RS232C ports such as the 
SM-D-8000H or SM-D-8100 but can also oper- 
ate as a stand alone system. 


■ Features 

1. Emulation for both Z8001 and Z8002 

2. All I/O ports opened for the user 

3. User-opened RAM : 32K bytes (expandable) 

4. Hardware break points (status, N/S, R/W, B/W 
available) 

5. Break point counter (16 -bit) available 

6. Program execution : Real time, single step, 
trace, and snap shot 

7. Down load and up load from a host computer 

8. Built-in debugger (with 32 commands) 
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LH8DH340 


Z8000 livGircuit Emulator SM-E-8100 


I 

■ Block Diagram 
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PROM Writer 


LH8DH403 


LH8DH403 PROM Writer 

■ Description 

This equipment operates under control of 
SM-D-8000 II , FDOS. The control program is sup- 
plied on the floppy disk. The equipment writes 
programs that have been developed by using 
SM-D-8000 II into EPROMs directly, thereby re- 
ducing developing time. 


■ Features 

1. Applicable EPROM 2732A, 2764, 27128, and 
equivalents 

2. Either mnemonic or spelled-out commands 
acceptable 

3. Data management in file from 

4. LED indication during command execution 



■ Block Diagram 


SM-D-8000 II PROM Writer Unit 
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SM Series Emulator SME-20 


LU4DH200 


LU4DH200 SM Series Emulator SME-20 

■ Description 

The LU4DH200 is an emulator designed to sup- 
port the development of programs for the SM series 
of 4-bit single-chip microcomputers. It consists 
of a data input and control key board, LED for dis- 
play data, PROM writer and interface enabling 
programs, can also be developed in RAM by using 
the RS232C to connect it to SM-D-8000 H which 
supports a cross-assembler and other software to 
facilitate program debugging. 


■ Features 

1. PROM writer (2716, 2732) in standard 

2. RS232C 1 port 

Baud rate 150—19200B 
(8 levels selective) 

3. Paper tape reader interface, Paper tape punch- 
er interface in standard 

4. Support all functions of SM series by altering 
PROM for PLA 

5. Function of the emulator 

• Execute/halt program 

• Display/change data 

• One step operation 

• Execute start point of CPU 

• Repair address 
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SM Series Emulator SME-20 


LU4DH200 


■ System Configuration 

The SME-20 can be connected through the RS 
232C to the SM-D-8000II to allow efficient prog- 
ram debugging. 

It can also be connected to other support tools 
which run under the CP/M operating system and 
equipped with an RS-232C interface. 


Host computer 

RS232C 

Emulator 

(SME-20) 



} RS!32C 



SM evaluation 

board 



SHARP 


577 





SM Series Evaluation Board 


LUXXXH2 


LUXXXH2 


SM Series Evaluation Board 


■ Description 

There are designed for evaluating the SM series 
of 4-bit 1-chip microcomputers. The boards are 
functionally and electrically equivalent to the mask 
ROM version. 

Programs can be developed either at the EPROM 
level, or when used with any of the SM series sup- 
port tools (SM-D-80, SM-D-800011 ) programs 
can be developed at the RAM level. 


■ Features 

1. System debug with EPROM 

2. Debug at RAM base in conjunction with sup- 
port tool (SM-D-80, SM-D-800011) 

3. Function of the evaluation board 

• Hold function 

• One- step function 

• Auto-stop function 

• Display of the program counter 

• Display of accumlator and carry F/F 

• Display of RAM address, the register and 
memory 

• Display of instruction code 

• PLA set function 
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SM Series Evaluation Board 


LUXXXH2 


■ Block Diagram 



■ SM Series Evaluation Board 

The evaluation board consists of two printed cir- 
cuit boards: the control board and the evaluation 
card (on which the evaluation chip and EPROM 
socket installed). 



SHARP 


579 






Memories 



NMOS 32768-Bit Mask Programmable Read Only Memory LH2331/LH2331A 



LH2331/LH2331A 

NMOS 32768-Bit Mask Programmable Read Only Memory 


■ Description I Pin Connections 


The LH2331/LH2331A are fully static mask 



programmable ROMs organized as 4,096-word- 


N 

by-8-bit by using silicon-gate NMOS process tech- 

A 7 [T 


Vcc 

nology: 

A 6 |T 

Ac nr 

0 

n As 


a 4 (I 


m An 


A 3 \K 


13 OE 

■ Features 

a 2 u 


m A10 

1. 4,096-word-by-8-bit organization 

Ai (T 


m ce 

2. Single +5V power supply 

Ao |T 


13 07 

3. Fully static operation (no clopk required) 

Do H 


16] De 

4. All inputs and outputs TTL compatible 

Di go 


HI Ds 

5. Three-state outputs 

D 2 gl 


m d 4 

6. Access time (MAX.) 

GND g2 


m d 3 

LH2331 : 450ns, LH2331A : 350ns 


V J 


7. Power-down function 


Top View 

8. 24-pin dual-in-line package (pin compatible 




with i 2732 type EPROM) 


■ Block Diagram 
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NMOS 32768-Bit Mask Programmable Read Only Memory 


LH2331/LH2331A 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Pin voltage* 

V,N 

— 0.3 — F 7.0 

V 

Operating temperature 

T„pr 

0 — h70 

°c 

Storage temperature 



— 55 — 1150 

°c 


* Application voltage on any input pin with respect to ground. 


I DC Characteristics (V cc -5V±io%, Ta— o~+70°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Output low voltage 

Vol 

Iol = 2.0mA 



0.4 

V 

Output high voltage 

Von 

Ion — 200 //A 

2.4 



V 

Input low voltage 

V,L 




0.8 

V 

Input high voltage 

Vi„ 


2.0 



V 

Input leakage current 

. 1 1,. 1 1 

0iV 1N iV cc 



10 

//A 

Output leakage current 

Ilo 

CE^2V, O^Vqut^Vcc 



10 

M 

Chip enabled power 
supply current 

Icci 




110 

mA 

Chip disabled power 
supply current 

IcC 2 

CE^2V 



50 

mA 

■ AC Characteristics 


(V cc = 

5V±10%, Ta=0~ 

+ 70°C) 



Parameter 

Symbol 

! LH2331 

LH2331A 

Unit 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Access time 

tACC 



450 



350 

ns 

Chip enable setup time 

t CE 



450 



350 

ns 

Output enable time 

toE 



120 



120 

ns 

Output hold time 

toH 

0 



0 



ns 

Chip turn-off time 

tDF 

0 


100 

0 


100 i 

ns 


Test conditions of AC characteristics 

• Input voltage amplitude 

• Input rising/falling time 

• Input threshold level 

• Output threshold level 

• Output load condition 


+ 0.4 — P2.8V 

10ns 

1.5V 

0.8V and 2.0V 
1TTL+ lOOpF 


■ Capacitance (f=iMHz,Ta=25°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

ClN 

V IN =0V 



15 

PF 

Output capacitance 

CqUT 

Voux = 0V 



15 

pF 
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NMOS 32768-Bit Mask Programmable Read Only Memory 


LH2331/LH2331A 





NMOS 32768-Bit Mask Programmable Read Only Memory 


LH2331/LH2331A 


■ Electrical Characteristics Curves (V C c=5V, Ta=25°C unless otherwise specified) 


Access time vs. supply voltage 



4.5 5.0 5.5 

Supply voltage Vcc (V) 


6.0 


Access time vs. ambient temperature 



0 25 50 75 

Ambient temperature Ta (”C) 


Average supply current vs. supply voltage 



Supply voltage Vcc (V) 


Average supply current vs. ambient 
temperature 



CE to output delay vs. supply voltage 



4.0 4.5 5.0 5;5 

Supply voltage Vcc (V) 


6.0 


CE to output delay vs. ambient temperature 



'•u l I I I I 

0 25 50 75 100 


Ambient temperature Ta (°C) 
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NMOS 32768-Bit Mask Programmable Read Only Memory LH2332/LH2332A 


7 7 7 / 7 7 / 7 x 7 7 7 7 I 7 7 7 


LH2332/LH2332A 

NMOS 32768-Bit Mask Programmable Read Only Memory 


■ Description 

The LH2332/LH2332A are fully static mask 
programmable ROMs organized as 4,096-word- 
by-8-bit by using silicon-gate NMOS process tech- 
nology. 


■ Features 

1. 4,096-word-by-8-bit organization 

2. Single -f5V power supply 

3. Fully static operation (no clock required) 

4. All inputs and outputs TTL compatible 

5. Three-state outputs 

6. Access time (MAX.) 

LH2332 : 450ns, LH2332A : 350ns 

7. Programmable chip selects (CSi/CSi, CS 2 /CS 2 ) 

8. 2 4 -pin dual-in-line package (JEDEC standard 
pin configuration) 


■ Pin Connections 


Av [7 

■] 

o 

1 Vcc ' ■ 

Ae |T 

D As 

As [3 


1 A» 

a 4 e 


11 cs 2 /c& 

A 3 [£ 


1) CSi/CS^ 

A 2 [T 


m AlO 

At |T 


HI All 

Ao Q[ 


D d 7 

Do [IT 


1] De 

Di [io 


1 d 5 

d 2 in 


u\ d 4 

■ gnd m 

v J 

H Ds 

Top View 


■ Block Diagram 
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NMOS 32768-Bit Mask Programmable Read Only Memory 


LH2332/LH2332A 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage* 

V CC 

-0.3- + 7.0 

V 

Input voltage* 

V,N 

-0.3- + 7.0 

V 

Output voltage* 

VoUT 

— 0.3 — 1-7.0 

V 

Operating temperature 

T 

L opr 

0- + 70 

°c 

Storage temperature 

Isis 

— 55 — b 150 

°c 


* The maximum applicable voltage on any pin with respect to GND. 


■ Recommended Operating Conditions (Ta=o~+70t) 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vcc 

4.75 

5 

5.25 

V 

Input voltage 

V, L 



0.8 

V 

V,H 

2.0 



V 


■ DC Characteristics (V cc = 5 V± 5 %,Ta=o~+ 70 'C) 


Parameter 

' Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input low voltage 

V,L 




0.8 

V 

Input high voltage 

Vih 


2.0 



V 

Output low voltage 

VOL 

Iql — 2.0mA 



0.4 

V 

Output high voltage 

VoH 

Iqh — 200 //A 

2.4 



V 

Input leakage current 

1 Ili 1 

0^V IN ^V cc 



10 

M 

Output leakage current 

1 Ilo 1 

CS^2V, O^Vqut^Vcc 



10 

M 

Current consumption 

Icc 




110 

mA 


■ AC Characteristics (V CC = 5 V± 5 %, Ta=o~+ 70 'C) 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Access time 

f ACC 



450 

ns 

Output hold time 

toH 

0 



ns 

Chip enable setup time 

Ice 



350 

ns 

Chip turn-off time 

Idf 

0 


150 

ns 


Test conditions of AC characteristics 



A 

input VUILU^C dllLjJIllUUC 


**’* 1 U .4 1 Z.o V 

.... 1 A nc 


Input rising/falling time 


luns 

A 

Input threshold level 


•*** 1.0 V 

W 

• 

Output threshold level 

Output load condition 


u.o v and z.u v 
•••* 1TTL+ lOOpF 


■ Capacitance (f=iMHz, Ta=25°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

Cm 

V IN =0V 



15 

pF 

Output capacitance 

Cqut 

V OUT = 0V 



15 

pF 
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NMOS 32768-Bit Mask Programmable Read Only Memory LH2332/LH2332A 



588 




Input voltage Vih,Vil (V) Average supply current Ice (mA) Access time tACC (Relative value) 


NMOS 32768-Bit Mask Programmable Read Only Memory 


LH2332/LH2332A 


■ Electrical Characteristics Curves (V CC =5V, Ta=25°C unless otherwise specified) 


Access time vs. supply voltage 


Ta=70°C 

— 
















4.0 4.5 5.0 5.5 6.0 

Supply voltage Vcc (V) 


Average supply current vs. 
supply voltage 



4.0 4.5 5.0 5.5 6.0 

Supply voltage Vcc (V) 


Access time vs. ambient temperature 



Ambient temperature Ta (°C) 

Average supply current vs. 
ambient temperature 



0 25 50 75 100 


Ambient temperature Ta (°C) 


Input voltage vs. supply voltage 


Input voltage vs. ambient temperature 



4.0 4.5 5.0 5.5 6.0 


> 

> 

SS 

> 



2.0 

1.7 

1.4 

1.1 

0.8 

0 25 50 75 100 










f— vmrifTK, ' 



VlL 

(MAX.) 








Supply voltage Vcc (V) 


Ambient temperature Ta (°C) 
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NMOS 65536-Bit Mask Programmable Read Only Memory LH2362B 


I UOOCOR NMOS 65536-Bit Mask Programmable Read 
LllLOvfaD Only Memory 


■ Description 

The LH2362B is a fully static mask programm- 
able ROM organized as 8,192-word-by-8-bit by 
using silicon-gate NMOS process technology. 


■ Features 

1. 8,192-word-by-8-bit organization 

2. Single +5V power supply 

3. Fully static operation (no clock required) 

4. All inputs and outputs TTL compatible 

5. Three-state outputs 

6. Access time (MAX.) : 250ns 

7. 24-pin dual-in-line package (JEDEC standard 
pin configuration) 


■ Pin Connections 


Ai\T 

r 'n 

r\ 

gvcc 

A 6 [7 


£3|A8 

AsfT 


22|Ag 

A 4 [T 


£ijAi 2 

As[T 


2 o]CS 

A 2 fT 


T9)Aio 

Ai[T 


TH Aii 

Ao[T 


IDdt 

DoRT 


76] De 

Di[7o 


iuds 

D 2 QT 


77]D4 

gndQI 


77)03 


L J 

Top View 


■ Block Diagram 


Data Output 
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NMOS 65536-Bit Mask Programmable Read Only Memory 


LH2362B 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage* 

V C c 

-0.3-+7.0 

V 

Input voltage* 

V,N 

-0.3- + 7.0 

V 

Output voltage * 

VoUT 

-0.3- + 7.0 

V 

Operating temperature 

T 

1 opr 

0- + 70 

°c 

Storage temperature 

Iks 

— 55 — 1- 150 

°c 


* The maximum applicable voltage on any pin with respect to GND. 


■ Recommended Operating Conditions 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vcc 

4.75 

5 

5.25 

V 

Input voltage 

V,L 



0.8 

V 

V,H 

2.0 



V 


■ DC Characteristics (v C c=5v±5%,Ta=o~+7or:) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input low voltage 

v IL 




0.8 

V 

Input high voltage 

V,H 


2.0 



V 

Output low voltage 

VoL 

Iol = 2.0mA 



0.4 

V 

Output high voltage 

VoH 

Ioh = 200 fJ.K 

2.4 



- V 

Input leakage current 

Uul 

V,n = 0V~V C c 



10 

M 

Output leakage current 

1 Ilo 1 

CS^2V, V OU t = 0V~V cc 



10 

/“A 

Current consumption 

Icc 




160 

mA 


■ AC Characteristics (V CC =5V±5%, Ta-o~+70"C) 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Access time 

tACC 



250 

ns 

Chip enable setup time 

tcE 



100 

ns 

Chip turn-off time 

tDF 



100 

ns 

Output hold time 

toH 

0 



ns 


Test conditions of AC characteristics 


• Input voltage amplitude +0.4 — H2.8V 

• Input rising/falling time 10ns 

• Input threshold level 1.5V 

• Output threshold level 0.8V and 2.0V 

• Output load condition 1TTL+ lOOpF 


I Capacitance (f— imhz, Ta— 25°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

Qn 

> 

o 

II 

2 

> 



16 

pF 

Output capacitance 

CoUT 

! Vout — ov 



13 

pF 
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NMOS 65536-Bit Mask Programmable Read Only Memory 


LH2362B 
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Chip enable time tcE (Relative value) Supply current during operation Ice (mA) Access time tACC (Relative value) 


NMOS 65536-Bit Mask Programmable Read Only Memory 


LH2362B 


■ Electrical Characteristics Curves (Ta=25‘C unless otherwise specified) 


Access time vs. supply voltage 



4.0 4.5 5.0 5.5 6.0 

Supply voltage Vcc (V) 

Supply current during operation vs. 
supply voltage 



Supply voltage Vcc (V) 


Access time vs. ambient temperature 



Ambient temperature Ta (°C) 


Supply current during operation vs. 
ambient temperature 



Ambient temperature Ta (°C) 


Chip enable time vs. supply voltage 

1.4 

1.2 

1.0 

0.8 

0.6 

4.0 4.5 5.0 5.5 6.0 


Ta = 70°C 

















Supply voltage Vcc (V) 


Chip enable time vs. ambient temperature 



0 25 50 75 100 


Ambient temperature Ta (°C) 
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NMOS 65536-Bit Mask Programmable Read Only Memory LH2367 


I LJ O Q C 7 NMOS 65536-Bit Mask Programmable Read Only 

L rl Cm O w / Memory 


■ Description 

The LH2367 is a fully static mask programmable 
ROM organized as 8,192-word-by-8-bit by using 
silicon-gate NMOS process technology. 


■ Features 

1. 8,192-word-by-8-bit organization 

2. Single H-5V power supply 

3. Fully static operation (no clock required) 

4. All inputs and outputs TTL compatible 

5. Three-state output 

6. Access time (MAX.) : 250ns 

7. Programmable chip select (CSi, CS 2 ) 

8. 28-pin dual-in-line package 


■ Pin Connections 



■ Block Diagram 


Data Output 



■SHARP 
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NMOS 65536-Bit Mask Programmable Read Only Memory 


LH2367 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Applied voltage* 

V 

— 0.3 — H7.0 

V 

Operating temperature 

T 

x opr 

0- + 70 

°C 

Storage temperature 

Xstg 

— 55 — H 150 

°C 


* The maximum applicable voltage on any pin with respect to GND. 


■ Recommended Operating Conditions 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vcc 

4.75 

5 

5.25 

V 

Input voltage 

Vil 

-0.5 


0.8 

V 

V,H 

2.0 


Vcc 

V 


■ DC Characteristics (v cc =5v±5% ) Ta=o~+70t) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input low voltage 

V, L 


-0.5 


0.8 

V 

Input high voltage 

V,H 

1 

2.0 


V cc 

V 

Output low voltage 

VoL 

IoL = 2mA 



0.4 

V 

Output high voltage 

VoH 

1 0H = 200 /u A 

2.4 



V 

Input leakage current 

Hu 1 

V IN = 0V~V cc 


0.01 

10 

M 

Output leakage current 

1 Ilo 1 

Vout = 0V Vcc 

(In non-selection mode) 


0.01 

10 

M 

Chip enabled power supply 

current 

Icci 

! 


50 

80 

mA 

Chip disabled power supply 

current 

IcC2 

Note 


20 

1 

40 

mA 


Note : CE^2.0V (Non-active) or CSi or CS 2 is non-active (CE type chip select) 


■ AC Characteristics (V cc =5V±5%,Ta=0~+70 o C) 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Access time 

tACC 



250 

ns 

Chip enable time (from CE) 

tcEl 



250 

ns 

Chip enable time (from CS) 

tcE2 



250 

ns , 

Output enable time (from OE) 

toEl 



100 

ns 

Output enable time (from CS) 

toE2 



100 

ns 

Output turn-off time (from CE) 

tDFl 



100 

ns 

Output turn-off time (from CS) 

tDF2 



100 

ns 

Output turn-off time (from OE) 

tDF3 



100 

ns 

Output hold time 

toH 

0 



ns 


Test conditions of AC characteristics 

• Input voltage amplitude 

• Input rising/falling time 

• Input threshold level 

• Output threshold level 

• Output load condition 


+ 0.4V and + 2.8V 

10ns 

1.5V 

0.8V and 2.0V 
ITTL+lOOpF 
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NMOS 65536-Bit Mask Programmable Read Only Memory 


LH2367 
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NMOS 65536-Bit Mask Programmable Read Only Memory 


LH2367 


■ Chip Select 


OE 

CF 

CS* 1 

Do — D 7 

Mode 

X 

H 

X 

High impedance 

Non-select, power down 

X 

X 

L 

High impedance 

*2 

H 

X 

X 

High impedance 

Output non-select 

L 

L 

H 

Dqut 

Read 


* 1 CS is high only when the CSi pin and the CS 2 pin are active at the same time and is low at 

all other times. (Non-connection pins are continuously active.) 

* 2 Chip select input CSi and CS 2 can be programmed into 2 types depending on the ROM pat- 

tern (see timing chart). 


Type 

Function of CSi pin and CS 2 pin 

(1) CE function type 

Functions at same time as CE pin ; when CS = low, non-select power-down mode 

(2) OE function type 

Functions at same time as OE pin ; when CS = low, output non-select mode 


■ Electrical Characteristics Curves (V C c=5V, Ta=25°C unless otherwise specified) 


Access time vs. supply voltage 


Access time vs. ambient temperature 



4.0 4.5 5.0 5.5 6.0 

Supply voltage Vcc (V) 


Supply current during operation vs. 



Supply voltage Vcc (V) 



Ambient temperature Ta (°C) 


Supply current during operation vs. 
ambient temperature 



Ambient temperature Ta (°C) 
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Chip enable time tcE (Relative value) 


LH2367 


NMOS 65536-Bit Mask Programmable Read Only Memory 


7 7 7 7 / 7 7 7 7 7 7 7 7 7 7 / 7 


Chip enable time vs. supply voltage Chip enable time vs. ambient temperature 



Supply voltage Vcc (V) 


Ambient temperature Ta (”C) 
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CMOS 65536-Bit Mask Programmable Read Only Memory 


LH5366A 


I LJ C O d d A CMOS 65536-Bit Mask Programmable Read 
LrljOOOM Only Memory 


■ Description 

The LH5336A is a mask programmable ROM 
organized as 8,192-word-by-8-bit by using CMOS 
process technology. 


■ Features 

1. 8,192-word-by-8-bit organization 

2. Single +5V power supply 

3. Low power consumption 

4. Edge enabled operation (CEi, CE 2 ) 

5. Three-state outputs 

6. Access time (MAX.) : 2.5 /*s 

7. Programmable chip select 

8. Selectable byte or digit output 

9. 44-pin quad-flat package 


Pin Connections 


00 3 5 s uCOCOCOCOO 

zz<jco>ocjooz 



■ Block Diagram 
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CMOS 65536-Bit Mask Programmable Read Only Memory LH5366A 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage * 

Vcc 

— 0.3~ + 7.0 

V 

Input voltage * 

V IN 

- 0.3~ + 7.0 

V 

Output voltage * 

VoUT 

-0.3- + 7.0 

V 

Operating temperature 

T 

x opr 

0 — 1-60 

6 c 

Storage temperature 

Istg 

-55- + 150 

°C 


* The maximum applicable voltage on any pin with respect to GND. 


■ Recommended Operating Conditions 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage 

V cc 

4.5~ 5.5 

V' 


■ DC Characteristics (v C c=5v±io%,Ta=o~+60T:) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input high voltage 

V,H 


-0.3 


0.8 

V 


Input low voltage 

Vil 


V cc -TO 


Vcc 

V 


Output high voltage 

V OH 

Ioh = 100 M& 



2.4 

V 


Output low voltage 

VqL 

Iol = 1.6mA 

0.4 



V 


Input leakage current 

1 Ili 1 

V IN =0V— Vcc 



1.0 

M 


Output leakage current 

1 Ilo 1 

In non-selection mode 



1.0 

M 


Chip enabled power 
supply current 

Icci 




5 

mA 

1 

Chip disabled power 
supply current 

IcC2 

C 3 , V IN = 0.2V or V CC -0.2V 



5 

M 



Note 1: Average current at cycle time of 4 [x s with output open and input set to OV or Vcc. 


■ AC Characteristics 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Address setup time 

tAS 

1 

V 


MS 

Chip enable setup time 

tcE 



2.5 

//s 

Chip enable precharge time 

t p 

1.5 



MS 

Chip turn-off time (CE) 

tDFl 



1.5 

MS 

Chip turn-off time (CS) 

tDF2 



1.5 

MS 

Cycle time 

tcYC 

4.0 



MS 


Test conditions of AC Characteristics 

• Input voltage amplitude 

• Input rising/falling time 

• Input threshold level 

• Output threshold level •••• 

• Output load condition 


+ 0.8V~V CC -1.0V 
20ns 


1.5V 

0.4V and 2.4V 
lOpF 
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CMOS 65536-Bit Mask Programmable Read Only Memory 


LH5366A 


■ Timing Diagram 



I Electrical Characteristics Curves (Vcc = 5V, Ta=25°C unless otherwise specified) 


Access time vs. supply voltage 



i.v i i i i 1 

4.0 4.5 5.0 5.5 6.0 

Supply voltage Vcc (V) 



Ambient temperature Ta (°C) 


Average supply current vs. supply 
voltage 



4.0 5.0 4.5 5.5 6.0 

Supply voltage Vcc (V) 


Average supply current vs. ambient 
temperature 



' 0 25 50 75 100 

Ambient temperature Ta (*C) 
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LH5366S 


CMOS 65536-Bit Mask Programmable Read Only Memory 


f j / / / f J j j / j III III 


I UCOCCC CMOS 65536-Bit Mask Programmable Read 
LnjOOOv Only Memory 

I Description I Pin Connections 

The LH5366S is a mask programmable ROM 
organized as 8,192-word-by-8-bit by using CMOS 
process technology. 


■ Features 

1. 8,1 92 -word -by -8-bit organization 

2. Single +3V power supply 

3. Low power consumption 

4. Edge enabled operation (CE^ CE 2 ) 

5. Three -state outputs 

6. Access time (MAX.) : 6 /zs 

7. Programmable chip select 

8. Selectable byte or digit output 

9. 44-pin quad-flat package 



■ Block Diagram 
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CMOS 65536-Bit Mask Programmable Read Only Memory 


LH5366S 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage* 

Vcc 

-0.3 - + 5.0 

V 

Input voltage* 

V,N 

—0.3 — 4-5.0 

V 

Output voltage* 

VoUT 

-0.3 -4- 5.0 

V 

Operating temperature 

T 

x opr 

0-+60 

°c 

Storage temperature 

Zstg 

— 55 — h 150 

°c 


* The maximum applicable voltage on any pin with respect to GND. 


■ Recommended Operating Conditions 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage 

Vcc 

2.5 -3.5 

V 


■ DC Characteristics (v cc =3.ov,Ta=o~+60t;) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input high voltage 

V,H 


V cc -0.6 



V 


Input low voltage 

V,L 




0.6 

V 


Output high voltage 

VoH 

Ioh — 50 /iA 

V cc -0.5 



V 


Output low voltage 

V 0 L 

Iol — 50 /iA 



0.5 

V 


Input leakage current 

1 Ili 1 

8 

> 

\ 

> 

o 

II 

2 

> 



1.0 

M 


Output leakage current 

1 Ilo 1 

In non-selection mode 



1.0 

M 


Chip enabled power 
supply current 

Icci 




1.0 

mA 

1 

Chip disabled power 
supply current 

ICC2 

C s , V in = 0.2V or V CC -0.2V 



5.0 




Note 1: Average current at cycle time of 12^s with output open and input set to OV or Vcc. 


■ AC Characteristics (V cc =2.5~3.5V,Ta=o~+60‘C) 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Address setup time 

tAS 

1 



flS 

Chip enable setup time 

tcE 



6 

/IS 

Chip enable precharge time 

tp 

6 



/IS 

Chip turn-off time (CE) 

Idfi 



1.5 

/IS 

Chip turn-off time (CS) 

1dF2 



1.5 

/IS 

Cycle time 

tcYC 

12 



/IS 


Test conditions of AC characteristics 

• Input voltage amplitude 

• Input rising/falling time 

• Input threshold level 

• Output threshold level 

• Output load condition 


+ 0.5V~V CC 

20ns 

0.3V 

V cc - 0.3 V 
lOpF 


-0.5V 
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CMOS 65536-Bit Mask Programmable Read Only Memory 


LH5366S 


■ Timing Diagram 



H Electrical Characteristics Curves (Vcc = 5V, Ta=25°C unless otherwise specified) 


Access time vs. supply voltage 


Access time vs. ambient temperature 



'2.0 2.5 3.0 3.5 4.0 

Supply voltage Vcc (V) 



0 25 50 75 100 


Ambient temperature Ta (°C) 


Average supply current vs. 
supply voltage 



Average supply current vs. 
ambient temperature 



0 25 50 75 100 


Ambient temperature Ta (°C) 
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CMOS 65536-Bit Mask Programmable Read Only Memory 


LH5367 


I LJ C Q C 7 CMOS 65536-Bit Mask Programmable Read 
LfljOv/ Only Memory 


■ Description 

The LH5367 is a mask programmable ROM 
organized as 8,192-word-by-8-bit by using sili- 
con-gate CMOS process technology. 


■ Features 

1. 8,192-word-by-8-bit organization 

2. Single +5V power supply 

3. Low power consumption 

4. Edge enabled operation (CEi, CE 2 ) 

5. Three-state outputs 

6. Access time (MAX.) : 450ns 

7. Programmable chip select 

8. 44 -pin quad-flat package 


■ Pin Connections 


a y o - M « 

2 0 200 occcnc/icco 

02 < 22>00002 



■ Block Diagram 
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CMOS 65536-Bit Mask Programmable Read Only Memory 


LH5367 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage* 

Vcc 

—0.3 — H7.0 

V 

Input voltage * 

VlN 

-0.3- + 7.0 

V 

Output voltage * 

VoUT 

—0.3 — h 7.0 

V 

Operating temperature 

T 

- 1 opr 

0 — b60 

°c 

Storage temperature 

Zstg 

— 55 — h 150 

°c 


* The maximum applicable voltage on any pin with respect to GND. 


■ Recommended Operating Conditions 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage 

Vcc 

4.75-5.25 

V 


■ DC Characteristics (v cc = 5 V+ 5 %, Ta=o~+60°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input high voltage 

Vih 


V cc - 1.0 


V CC 

V 


Input low voltage 

v IL 


-0.3 


0.8 

V 


Output high voltage 

VoH 

Ion — 100 /*A 

2.4 



V 


Output low voltage 

VoL 

I OL = 1.6mA 



0.4 

V 


Input leakage current 

1 Ili 1 

> 

1 

> 

o 

II 

Z.': 

> 



1.0 

M 


Output leakage current 

1 Ilo 1 

In non-selection mode 



1.0 

M 


Chip enabled power 
supply current 

Icci 




14 

mA 

1 

Chip disabled power 
supply current 

Icc2 

C s , V in = 0.2V or V cc — 0.2V 



5.0 

M 



Note 1: Average current at cycle time of 750ns with output open and input set to 0V or Vcc. 


■ AC Characteristics 

Parameter Symbol MIN. TYP. MAX. Unit 

Address setup time tAs 50 ns 

Chip enable setup time t^E 450 ns 

Chip enable precharge time 300 ns 

Chip turn-off time (CE) t DF i 300 ns 

Chip turn-off time (CS) t DF2 300 ns 

Cycle time t CY c 750 ns 

Test conditions of AC characteristics 

• Input voltage amplitude +0.8V~Vcc“"1.0V 

• Input rising/falling time 10ns 

• Input threshold level 1.5V 

• Output threshold level 0.4V and 2.4V 

• Output load condition lOpF 

■ Timing Diagram 
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Input voltage Vih,Vil (V) Average supply current Ice (mA) Access time tACC (Relative value) 


CMOS 65536-Bit Mask Programmable Read Only Memory 


LH5367 


Electrical Characteristics Curves (V CC =5V, Ta=25'C unless otherwise specified) 

Access time vs. ambient temperature 



4.0 5.0 6.0 

Supply voltage Vcc (V) 


Average supply current vs. 



4.0 5.0 6.0 

Supply voltage Vcc (V) 

Input voltage vs. supply voltage 

2.0 


1.7 


1.4 


1.1 


0.8 











V IH(M IN.) 



ViL 

(MAX.) 







4.0 4.5 5.0 5.5 

Supply voltage Vcc (V) 


6.0 



0 25 50 75 100 

Ambient temperature Ta (°C) 

Average supply current vs. 
ambient temperature 


5.5, 


< 

E 


5.0 


4.5 


4.0 


3.51 


0 25 50 75 100 

Ambient temperature Ta (°C) 

Input voltage vs. ambient temperature 


2.0 


j 1.7 
> 


« 1-4 

jap 


& 1.1 


0.8 













ViL 

(MAX.) 








0 25 50 75 100 

Ambient temperature Ta (°C) 
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CMOS 98304-Bit Mask Programmable Read Only Memory LH5396/LH5396A 


/ / / / / / / / / / / / / / / / / 


LH5396/LH5396A 

CMOS 98304-Bit Mask Programmable Read Only Memory 

■ Description 

The LH5396/LH5396A are mask programmable 
ROMs organized as 12,288-word-by-8-bit by us- 
ing silicon-gate CMOS process technology. 


■ Features 

1. 12,288-word-by-8-bit organization 

2. Single + 4.5V power supply 

3. Low power consumption 

4. Edge enabled operation (CEx, CE 2 ) 

5. Three-state outputs 

6. Access time (MAX.) 

LH5396 : 6.0 ^s, LH5396A : 3.0 //s 

7. Programmable chip select 

8. Byte/digit output select 

9. 44-pin quad-flat package 


■ Block Diagram 


Data Output 




■ Pin Connections 
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CMOS 98304-Bit Mask Programmable Read Only Memory 


LH5396/LH5396A 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage* 

V C c 

— 0.3 — h 7.0 

V 

Input voltage* 

v IN 

— 0.3 — H7.0 

V 

Output voltage* 

VoUT 

-0.3- + 7.0 

V 

Operating temperature 

T„„ r 

0 — H60 

°c 

Storage temperature 

Z§tg 

— 55 — 1- 150 

°c 


* The maximum applicable voltage on any pin with respect to GND. 


■ Recommended Operating Conditions 


Parameter 

Symbol 

! MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vcc 

4.0 

4.5 

5.0 

V 


V IL 

-0.3 


0.8 

V 

Input voltage 

V,H 

© 

T 

> 


V CC 

V 

Operating temperature 

T„ or 

0 


60 

°c 


■ DC Characteristics (v cc =4.5V±io%,Ta=o~+60'C) 





LH5396 

LH5396A 



Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input low voltage 

V, L 


-0.3 


0.8 

-0.3 


0.8 

V 


Input high voltage 

V,H 


V cc - 1.0 


Vcc 

Vcc" 1.0 


Vcc 

V 


Output low voltage 

V OL 

I OL = 1.6mA 



0.4 



0.4 

V 


Output high voltage 

VoH 

I(DH — 100 //A 

2.4 



2.4 



V 


Input leakage current 

1 Ili 1 

V IN = 0V or 

Vin = Vcc 



1.0 



1.0 

M 


Output leakage current 

1 Ilo 1 

In non-selec- 
tion mode : 

Vout = 0V or 

V out — Vcc 



1.0 



1.0 

M 


Chip enabled power 
supply current 

Icci 



3.0 

7.0 


5.0 

12.0 

mA 

1 

Chip disabled power 
supply current 

IcC2 




5.0 



5.0 

M 

2 


Note 1: Average current at cycle time of 4.5 fx s (LH5396 is 7.5 //s) with output open and input set to OV or Vcc. 
Note 2: In chip selection mode : Vin=0.2V or Vin=Vcc— 0.2V 


■ AC Characteristics (V C c=4.5V±io%,Ta=o~+60°C) 



Test conditions of AC characteristics 

• Input voltage amplitude + 0.8V~ Vcc - 1.0V 

• Input rising/falling time 20ns 

• Input threshold level 1.5V 

• Output threshold level 0.4V and 2.4V 

• Output load condition lOpF 
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CMOS 98304-Bit Mask Programmable Read Only Memory LH5396/LH5396A 


■ Capacitance (f=iMHz,Ta=25°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

Cm 

ii 

2 

>| 



15 

pF 

Output capacitance 

Cqut 

1 v OU T=ov ! 



15 

pF 


■ Timing Diagram 



Ao~Ai3 ^ 










-= 1 CYC — 


CE \ 

/ 



k 1 




1 CE 


-*i 

tDF2 

h— i 



CS j 




N 







-* tDFl 









s 



*->7 — — \\\\\ 

(High impedance) 




Y 


■ Chip Select 


CS 0 / CS 0 CS 3 / CS 3 

CE! 

ce 2 

Do~D 7 

Mode 


L 

H 

Dout 

Read 

In selection mode 

L 

L 



H 

L 

High impedance 

Non-selection 


H 

H 

In non-selection mode 

X 

X 




■ Byte/Digit Output Select 


L/U 

B/D 

; Data output pins 

d 7 

D 6 

D5 

d 4 

d 3 

d 2 

Di 

Do 

L 

L 

Dy 

d 6 

D 5 

d 4 

d 3 

d 2 

Di 

D 0 

L 

H 

d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

Di 

D 0 

H 

L 

Dy 

d 6 

d 5 

d 4 

d 3 

d 2 

Di 

D 0 

H 

H 

Dy 

d 6 

D s 

d 4 

d 7 

d 6 

d 5 

d 4 
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Output high voltage Voh (V) Q Supply current during operation Icci (mA) Access time tACC (Relative value) 


CMOS 98304-Bit Mask Programmable Read Only Memory 


LH5396/LH5396A 


■ Electrical Characteristics Curves (Ta=25°C unless otherwise specified) 


Access time vs. supply voltage 



3.5 4.0 4.5 5.0 5.5 

Supply voltage Vcc (V) 


Access time vs. ambient temperature 



0 25 50 75 100 


Ambient temperature Ta (°C) 


Supply current during operation vs. 
supply voltage 



Supply voltage Vcc (V) 


Supply current during operation vs. 
ambient temperature 


<5 

S 


Vcc = 5.0 
tp = 1.5 jut 

V 



LH53S 

6A(tcYC == 

4.0 ^ 


LHE 

i396(tcvc = 

= 7.5 jus) 



^ 

i 




0 25 50 75 100 

Ambient temperature Ta (°C) 



3.5 4.0 4.5 5.0 5.5 

Supply voltage Vcc (V) 


Output low voltage vs. supply voltage 



3.5 4.0 4.5 5.0 5.5 

Supply voltage Vcc (V) 
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LH5396S 


CMOS 98304-Bit Mask Programmable Read Only Memory 


I UCOQ^C CMOS 98304-Bit Mask Programmable Read 
Lfl Only Memory 


■ Description 

The LH5396S is a mask programmable ROM 
organized as 12,288-word-by-8-bit by using sili- 
con-gate CMOS process technology. 


■ Features 

1. 12,288-word-by-8-bit organization 

2. Single + 3V power supply 

3. Low power consumption 

4. Edge enabled operation (CEi, CE 2 ) 

5. Three-state .outputs 

6. Access time (MAX.) : 15//S 

7. Programmable chip select 

8. Byte/digit output select 

9. 44-pin quad-flat package 


■ Pin Connections 


< J CQ > 


C/3 C/3 C/3 C/3 

lo lo lo lo 


C/3 C/3 C/3 C/3 O 
O O O O 2 



Block Diagram 


Data Output 



■SHARP 
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CMOS 98304-Bit Mask Programmable Read Only Memory 


LH5396S 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage* 

Vcc 

— 0.3 — K5.0 

V 

Input voltage* 

VlN 

— 0.3 — H5.0 

V 

Output voltage * 

VoUT 

— 0.3 — K5.0 

V 

Operating temperature 

T 

1 opr 

0 — b60 

°c 

Storage temperature 



— 55 — 1-150 

°c 


* The maximum applicable voltage on any pin with respect to GND. 


■ Recommended Operating Conditions 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vcc 

2.6 

3 

3.4 

V 

Input voltage 

V, L 

-0.3 


0.5 

V 

V,H 

V cc -0.5 


Vcc 

Operating temperature 

Toor 

0 


60 

°C 


■ DC Characteristics (v cc — +2.6—+3.4V, Ta— o~+60°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input low voltage 

V, L 


-0.3 


0.5 

V 


Input high voltage 

V,H 


Vcc-0.5! 


Vcc 

V 

, 

Output low voltage 

VoL 

I ol =300M 



0.3 

V 


Output high voltage 

VoH 

Ioh = 30 fuA 

Vcc-0.3 



V 


Input leakage current 

1 Ili 1 

V IN = 0V or Vcc 



1.0 

M 


Output leakage current 

UloI 

In non-selection mode : 

Vout = 0V or Vcc 



1.0 

M 


Chip enabled power 
supply current 

Icci 



0.8 

2.0 

mA 

1 

Chip disabled power 
supply current 

ICC2 




2.0 

M 

2 


Note 1: Average current at cycle time of 18 jus with output open and input set to OV or Vcc. 
Note 2: In chip selection mode : Vin=0.2V or Vin=Vcc— 0.2V 


■ AC Characteristics 

(V cc == + 2.6V — h 3.4V, Ta=0 — b60°C) 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Address setup time 

tAS 

2.0 



fxs 

Chip enable setup time 

tcE 



15 

fXS 

Chip enable precharge time 

tp 

3.0 



ps 

Chip turn-off time (CE) 

tDFl 



3.0 


Chip turn-off time (CS) 

tDF2 



3.0 


Cycle time 

tcYC 



10,000 

//S 


Test conditions of AC characteristics 

• Input voltage amplitude 

• Input rising/falling time 

• Input threshold level 

• Output threshold level 

• Output load condition 


+ 0.5V~V CC -0.5V 
20ns 

V cc / 2 

0.3V and V CC -0.3V 
Non loading 


SHARP 
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LH5396S 


CMOS 98304-Bit Mask Programmable Read Only Memory 


■ Capacitance (f=iMHz,Ta=25°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

ClN 

v IN =ov 



15 

pF 

Output capacitance 

CqUT 

Vout = 0V 



15 

pF 


Timing Diagram 


Ao~Ai3 


CE 




CS 


Do~D 7 


z> 

d 

v 

-s— tAS-^ 

> 

/ 




x 


/ 


-tCYC- 


-tcE- 




(High impedance) 






t DF 2 




— t DF 1 — 


Valid data 


> 


■ Chip Select 


CS 0 /CSo~CS 3 /CS3 

CE X 

ce 2 


Mode 


L 

H 

Dout 

Read 

In selection mode 

L 

L 




H 

L 

High impedance 

Non-selection 


H 

H 

In non-selection mode 

X 

X 




■ Byte/Digit Output Select 


L/U 

B/D 

Data output pins 

Dy 

Ds 

d 5 

d 4 

d 3 

D 2 

Di 

D 0 

L 

L 

d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

Di 

D 0 

L 

H 

Dy 

d 6 

d 5 

d 4 

d 3 

d 2 

Di 

D 0 

H 

L 

Dy 

d 6 

d 5 

d 4 

d 3 

d 2 

Di 

Do 

H 

H 

Dy 

D« 

D s 

d 4 

Dy 

D 6 

d 5 

D 4 
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NMOS 131072-Bit Mask Programmable Read Only Memory 


LH23126 


I UOOI OC NMOS 131072-Bit Mask Programmable Read 
LnfaOlfaO Only Memory 


■ Description 

The LH23126 is a fully static mask programm- 
able ROM organized as 16,384-word-by-8-bit by 
using NMOS process technology. 


■ Features 

1. 16,384-word-by-8-bit organization 

2. Single + 5V power supply 

3. Fully static operation (no clock required) 

4. All inputs and outputs TTL compatible 

5. Three-state outputs 

6. Access time (MAX.) : 250ns 

7. Programmable chip select 

8. Programmable output enable 

9. 28-pin dual-in-line package 


■ Pin Connections 



f *\ 


NC (T 

O 

28 ] VcC 

Al 2 U 


11 cs./cst/nc 

A 7 [T 


26 ] Al 3 

Ae [T 


m As 

As [T 


H] Ag 

A4 GE 


23] An 

As U 


m OE/OE 

A2 |T 


HI ^ 10 

Ai [T 


20] CSo/CSo 

Ao [To 


T 9 ] D? 

Do Q7 


m Do 

Di \n 


m d 5 

d 2 d 


m d 4 

GND d 


10 D3 


^ J 

Top View 


■ Block Diagram 


Data Output 
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NMOS 131072-Bit Mask Programmable Read Only Memory 


LH23126 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage* 

Vcc 

— 0.3 — H7.0 

V, 

Input voltage* 

V,N 

— 0.3~ + 7.0 

V 

Operating temperature 

T„ Dr 

0 — 1-70 

°c 

Storage temperature 

Zstg 

— 55 — + 150 

°c 


* The maximum applicable voltage on any pin with respect to GND. 


■ Recommended Operating Conditions 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vcc 

4.5 

5 

5.5 

V 

Input voltage 

V,L 



0.8 

V 

V,H 

2.2 



V 


■ DC Characteristics (Vcc=5V±io%,Ta=o~+70t) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input low voltage 

V,L 


-0.3 


0.8 

V 

Input high voltage 

V,H 


2.2 


V cc 

V 

Output low voltage 

V 0 L 

IoL = 3.2mA 



0.4 

V 

Output high voltage 

VoH 

Ioh=- 400 ^A 

2.4 



V 

Input leakage current 

1 Ili 1 

V 1N =0V~Vcc 



10 

M 

Output leakage current 

1 Ilo 1 

Vout = 0 — V C c during standby 


i 

10 

M 

Current 

During operation 

Icci 




80 

mA 

consumption 

During standby 

ICC2 

CS^0.8V, CS^2.2V 



40 

mA 


■ AC Characteristics (V cc =5v+io%,Ta=o~+70"C) 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Read cycle time 

Irc 

250 



ns 

Access time 

Iacc 



250 

ns 

Chip enable time 

tcE 



250 

ns 

Output enable time 

toE 



100 

ns 

Chip select time 

tcs 

10 



ns 

Output select time 

tos 

10 



ns 

Output turn-off time (from CS) 

Idfi 



70 

ns 

Output turn-off time (from OE) 

IdF2 



70 

ns 

Output hold time 

toH 

10 



ns 


Conditions for measurement of AC characteristics 


• Input voltage amplitude + 0.4 — + 2.4V 

• Input rising/falling time 20ns 

• Input decision level 1.5V 

• Output dicision level 0.8V and 2.0V 

• Output load condition 1 TTL + 1 OOpF 
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NMOS 131072-Bit Mask Programmable Read Only Memory 


LH23126 


■ Timing Diagram 



* 1 CS is the reverse polarity of CS 

CS/CS is the logical product of CS 0 /US 0 and CSj/CSj/NC 

* 2 OE is the reverse polarity of OE 


■ Chip Select 


CS/C5 

OE/OE 

Do~Dy 

Mode 

H/L 

H/L 

Dout 

Operating 

L/H 

High impedance 

Operating 

L/H 


Standby 


SHARP 
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CMOS 131072-Bit Mask Programmable Read Only Memory 


LH53127 


I Umi 07 CMOS 131072-Bit Mask Programmable Read 
LuvOifa/ Only Memory 

■ Description 

The LH53127 is a mask programmable ROM 
organized as 16,384-word-by-8-bit by using 
poly-crystal silicon-gate CMOS process technology. 


■ Features 

1. 16,384 -word-by-8-bit organization 

2. Single +5V power supply 

3. Low power consumption 

4. Edge enabled operation 

5. All inputs and outputs TTL compatible 

6. Three-state outputs 

7. Access time (MAX.) : 250ns 

8. Programmable chip select 

9. 28 -pin dual-in-line package 


■ Block Diagram 



SHARP 


■ Pin Connections 
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CMOS 131072-Bit Mask Programmable Read Only Memory 


LH53127 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage* 

Vcc 

— 0.3 — K7.0 

V 

Input voltage* 

v IN 

-0.3~V cc +0.3 

V 

Output voltage* 

VoUT 

-0.3~V cc +0.3 

V 

Operating temperature 

T„or 

0 — H70 

°c 

Storage temperature 

^stg 

— 55- + 150 

°c 


* The maximum applicable voltage on any pin with respect to GND. 


■ Recommended Operating Conditions 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vcc 

4.5 

5 

5.5 

V 

Input voltage 

v IL 



0.8 

V 

V,„ 

2.2 




■ DC Characteristics (V cc =5V±io%,Ta=o~+70t:) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input low voltage 

V, L 


-0.3 


0.8 

V 


Input high voltage 

V,H 


2.2 


Vcc 

V 


Output low voltage 

V OL 

Iql “■ 2.0mA 



0.4 

V 


Output high voltage 

VoH 

Ioh = 1.0mA 

2.4 



V 


Input leakage current 

Hul 

0 

CJ 

> 

1 

> 

O 

II 

2 

> 



1.0 

M 


Output leakage current 

UloI 




1.0 

M 

1 

Current consumption 

Icci 




8 

mA 

2 

IcC2 




1 

mA 

3 

Current consumption 
during standby 

IsB 

CE=Vco V IN =0V or V cc 



30 

M 



Note 1 : During high impedance output, CE = 2.2V or OE = 2.2V, Vout=0V~Vcc 

Note 2 : During operation, input amplitude is OV or Vcc, tcYc=350 ns and output pin is open. 

Note 3 : During chip non-select, input amplitude is OV or Vcc, tcYc=350 ns, and output pin is open. 


■ AC Characteristics (V cc =5V±io%,Ta=o~+70’C) 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Cycle time 

tcYC 

350 



ns 

Access time from CE 

tcE 



250 

ns 

Access time from CS/CS 

tcs 



250 

ns 

Access time from OE 

toE 



100 

ns 

Address setup time (from CE) 

tASE 

0 



ns 

Address setup time (from CS) 

tASS 

0 



ns 

CE precharge time 

tpE 

100 



ns 

CS/CS precharge time 

tps 

100 



ns 

Data off delay time from CE 

toFl 

0 


100 

ns 

Data off delay time from CS/CS 

t()F2 

0 


100 

ns 

Data off delay time from OE 

toF3 

0 


100 

ns 


SHARP 
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CMOS 131072-Bit Mask Programmable Read Only Memory 


LH53127 


Conditions for measurement of AC characteristics 

• Input voltage frequency 0.4V — 2.4V 

• Input rise/fall time 10ns 

• Input decision level 1.5V 

• Output decision level 0.8V and 2.0V 

• Output load condition ITTL+lOOpF 

Address input requires that it should be defined during an active period. 


■ Capacitance 


Parameter 

Symbol 

Conditions 

MIN. 

Ratings 

TYP. 

MAX. 

Unit 

Input capacitance 

Cin 

> 

o 

II 

2 

> 



10 

pF 

Output capacitance 

CoUT 

Vqut - 0V 



10 

PF 


■ Timing Diagram 

(1) When the CE input is used as the clock 










CMOS 131072-Bit Mask Programmable Read Only Memory 


LH53127 


■ Chip Select 


CE 

CSo/CSo, CSi/CSV 

OE 

Do~D? 

Mode 


Select 

L 

Valid data output 

Read 

L 

H 

High impedance 

Output non-select 


Non-select 

X 

Non-select 

H 


X 


Standby 





CMOS 131072-Bit Mask Programmable Read Only Memory 


LH53129 


/ / // /////// / // // / 


I U C O 1 OO CMOS 131072-Bit Mask Programmable Read 
LrlD0147 Only Memory 

■ Description 

The LH53129 is a mask programmable ROM 
organized as 16,384-word-by-8-bit by using sili- 
con-gate CMOS process technology. 


■ Features 

1. 16, 384-word-by -8-bit organization 

2. Single +4.5V power supply 

3. Low power consumption 

4. Edge enabled operation (CEi, CE 2 ) 

5. Three -state outputs 

6. Access time (MAX.) : 6 ju s 

7. Programmable chip select 

8. Byte/digit output select 

9. 44-pin quad -flat package 


■ Block Diagram 



SHARP — 


■ Pin Connections 
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CMOS 131072-Bit Mask Programmable Read Only Memory 


LH53129 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage* 

Vcc 

— 0.3 — h7.0 

V 

Input voltage* 

V,N 

-0.3-4- 7.0 

V 

Output voltage* 

VoUT 

— 0.3 — K7.0 

V 

Operating temperature 

T„ Dr 

0 — H60 

°C 

Storage temperature 

Isis 

— 55 — H 150 

°c 


* The maximum applicable voltage on any pin with respect to GND. 


■ Recommended Operating Conditions 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vcc 

4.0 

4.5 

5.0 

V 

Input voltage 

v IL 

-0.3 


0.8 

\7 

V,H 

V cc - TO 


Vcc 

V 

Operating temperature 

T„ nr 

0 


60 

°c 


■ DC Characteristics (V cc =4.5V±io%, Ta=o~+60°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input low voltage 

v IL 


-0.3 


0.8 

V 


Input high voltage 

V,H 


V cc - 1.0 


Vcc 

V 


Output low voltage 

VoL 

I 0 l = 1.6mA 



0.4 

V 


Output high voltage 

VoH 

I oh =100M 

2.4 



V 


Input leakage current 

1 II. 1 

V IN = 0V~V cc 



1.0 

M 


Output leakage current 

1 Ilo 1 

In non-selection, 

V out — 0 V Vcc 



1.0 

M 


Chip enabled power 
supply current 

Icci 



3 

• 7 

mA 

1 

Chip disabled power 
supply current 

ICC2 

CS, V IN = 0.2V or V cc — 0.2V 



5.0 

M 



Note 1: Average current at cycle time of 7.5 /us with output open and input set to OV or Vcc. 


■ AC Characteristics (V cc -4.5V±io%, Ta=o~+60°C) 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Address setup time 

tAS 

1 



//s 

Chip enable setup time 

tcE 



6 

A* s 

Chip enable precharge time 

t p 

1.5 



/IS 

Chip turn-off time (CE) 

tDFl 



1.5 

/IS 

Chip turn-off time (CS) 

tDF2 



1.5 

/IS 

Cycle time 

tcYC 

7.5 


10,000 

/IS 


Test conditions of AC characteristics 

• Input voltage amplitude 4- 0.8V ~ Vcc - 1.0' V 

• Input rising/falling time 20ns 

• Input threshold level 1.5V 

• Output threshold level 0.4V and 2.4V 

• Output load condition lOpF 


■ Capacitance (f=iMHz, Ta=25t) 


Parameter 

Symbol 

! Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

Cin 

> 

o 

II 

2 

> 



15 

pF 

Output capacitance 

Cqut 

Vqut — 0V 



15 

PF 
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LH53129 


CMOS 131072-Bit Mask Programmable Read Only Memory 


■ Timing Diagram 



■ Chip Select 


CSq/ CSo CS3/ CS3 

CEl 

ce 2 

Do Dy 

Mode 


L 

H 

Dout 

Read 

In selection mode 

L 

L 




H 

L 

High impedance 

Non-selection 


H 

H 

In non-selection mode 

X 

X 




■ Byte/Digit Output Select 


L/U 

B/D 

Data output pins 

d 7 

d 6 

d 6 

d 4 

d 3 

d 2 

Di 

Do 

L 

L 

d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

Di 

D 0 

L 

H 

d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

D, 

Do 

H 

L 

d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

D 4 

Do 

H 

H 

d 7 

d 6 

D5 

d 4 

d 7 

Do 

b 5 

d 4 
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CMOS 131072-Bit Mask Programmable Read Only Memory 


LH53129 


■ Electrical Characteristics Curves (Ta= 
Normalized chip-enable delay time vs. 



3.5 4.0 4.5 5.0 5.5 

Supply voltage Vcc (V) 


Supply current during operation vs. 
supply voltage 


unless otherwise specified) 

Normalized chip-enable delay time vs. 



0 25 50 75 100 


Ambient temperature Ta (°C) 

Supply current during operation vs. 
ambient temperature 


25°C 


< 

£ 



3.5 4.0 4.5 5.0 5.5 


Supply voltage Vcc (V) 


< 

S 


V cc = 5.0 V 
t cyc =7.5 n s 
tp =1.5 tx s 
















0 25 50 75 100 


Ambient temperature Ta (°C) 


Output high voltage vs. supply voltage 



Output low voltage vs. supply voltage 


Iol=1.6 u 

nA 














— . 






ol i 1 1 1 

3.5 4.0 4.5 5.0 5.5 


Supply voltage Vcc (V) 


SHARP 
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CMOS 131072-Bit Mask Programmable Read Only Memory LH53129A 


I UCOI OO A CMOS 131072-Bit Mask Programmable 
LlljOl Read Only Memory 

■ Description 

The LH53129A is a mask programmable ROM 
organized as 16,384-word-by-8-bit by using sili- 
con-gate CMOS process technology. 


■ Features 

L 16,384-word-by-8-bit organization 

2. Single + 5V power supply 

3. Low power consumption 

4. Edge enabled operation (CEi, CE 2 ) 

5. Three -state outputs 

6. Access time (MAX.) : 2.5 jus 

7. Programmable chip select 

8. Byte/digit output select 

9. 44-pin quad-flat package 


■ Block Diagram 



■ Pin Connections 
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CMOS 131072-Bit Mask Programmable Read Only Memory 


LH53129A 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage* 

Vcc 

-0.3- + 7.0 

V 

Input voltage* 

V, N 

-0.3- + 7.0 

V 

Output voltage* 

VoUT 

— 0.3 — H7.0 

V 

Operating temperature 

T 

A opr 

— 5 — h55 

°C 

Storage temperature 



— 55 — b 150 

°C 


* The maximum applicable voltage on any pin with respect to GND. 


■ Recommended Operating Conditions 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vcc 

4.5 

5 

5.5 

V 

Input voltage 

V,L 

-0.3 


0.8 

V 

V IH 

V cc - 1.0 


Vcc 

Operating temperature 

Topr 

-5 


55 

°C 


■ DC Characteristics (v cc =4.5V+5V±io%,Ta=-5~+55t:) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input low voltage 

V,L 


-0.3 


0.8 

V 


Input high voltage 

V IH 


Vcc 1*0 


Vcc 

V 


Output low voltage 

VoL 

I OL = 1.6mA 



0.4 

V 


Output high voltage 

VoH 

Ion — 100 /iA 

2.4 



V 


Input leakage current 

1 Ili 1 

V IN = 0V~V cc 



1.0 

M 


Output leakage current 

1 Ilo 1 

In non-selection mode, 

V out — 0 V Vcc 



1.0 

M 


Chip enabled power 
supply current 

Icci 



7 

14 

mA 

1 

Chip disabled power 
supply current 

IcC2 

CS, V in = 0.2V or V cc -0.2V 



5.0 

M 



Note 1: Average current at cycle time of 4.0 fi s with output open and input set to 0V or Vcc. 


■ AC Characteristics(V C c=5V±io%,Ta=-5~ + 55°C) 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Address setup time 

tAS 

1 



//s 

Chip enable setup time 

tcE 



2.5 

/IS 

Chip enable precharge time 

t p 

1.5 



/IS 

Chip turn-off time (CE) 

Idfi 



1.5 

/IS 

Chip turn-off time (CS) 

1-DF2 



1.5 

/IS 

Cycle time 

tcYC 



10,000 

ai 


Test conditions of AC characteristics 

_l n o\r \r i nv 

a 

llipUL VUlUJgC dllipil LUliC 

tU.oV V cc l.UV 

A 

Input rising/falling time 

Lt v/ ns 

A 

Input threshold level 

1.0 V 

W 

• 

Output threshold level 

Output load condition 

v ana z.4 v 

lOpF 
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CMOS 131072-Bit Mask Programmable Read Only Memory LH53129A 


■ Capacitance (f=iMHz,Ta=25' , C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

■ MAX. 

Unit 

Input capacitance 

Cm 

> 

o 

II 

2 

>: 

_ 



15 

pF 

Output capacitance 

Cout 

Vout - ' OV 



15 

pF 


■ Timing Diagram 



■ Chip Select 


CSo/CSo-CSs/CSs 

CE[ 

ce 2 

Do Dy 

Mode 


L 

H 

Dout 

Read 

In selection mode 

L 

L 




H 

L 

High impedance 

Non-selection 


H 

H 

In non-selection mode 

X 

X . 




■ Byte/Digit Output Select 


L/U 

B/D 

Data output pins 

Dy 

d 6 

d 5 

d 4 

d 3 

d 2 

Di 

D 0 

L 

L 

Dy 

d 6 

d 5 

d 4 

d 3 

d 2 

D 1 

Do 

L 

H 

D v 

Ds 

d 5 

d 4 

d 3 

d 2 

Di 

Do 

H 

L 

d 7 

d 6 

d 5 

d 4 

U Da 

d 2 

Di 

D 0 

H 

H 

d 7 

D 6 

d 5 

d 4 

Dy 

d 6 

D* 

d 4 
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CMOS 131072-Bit Mask Programmable Read Only Memory 


LH53129A 


I Electrical Characteristics Curves (Ta=25°C unless otherwise specified) 


Normalized chip-enable delay time vs. 



4.0 4.5 5.0 5.5 6.0 


Supply voltage Vcc (V) 


Supply current during operation vs. 
supply voltage 



Supply voltage Vcc (V) 


Normalized chip-enable delay time vs. 



0 25 50 75 100 


Ambient temperature Ta (°C) 


Supply current during operation vs. 
ambient temperature 


< 

S 


6.0 

4.5 

3.0 

1.5 

0 25 50 75 100 

✓ 

Ambient temperature Ta (°C) 


Vcc — 5.5 V 
tCYC = 4.0 {1 s 
t p =1.5 jus 
















Output high voltage vs. supply voltage 


Output low voltage vs. supply voltage 




Supply voltage Vcc (V) 


SHARP 
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NMOS 262144-Bit Mask Programmable Read Only Memory 


LH23257 


/ / / / I f I / I I / / / / / / / 


I U OOOC7 NMOS 262144-Bit Mask Programmable Read 
La n £ O Cm / Only Memory 

■ Description 

The LH23257 is a fully static mask programm- 
able ROM organized as 32,768-word-by-8-bit by 
using silicon-gate CMOS process technology. 


■ Features 

1. 32,768-word-by-8-bit organization 

2. Single +5V power supply 

3. Fully static operation (No clock required) 

4. All input and output TTL compatible 

5. Three-state outputs 

6. Access time (MAX.) : 250ns 

7. Programmable chip select 

8. Programmable output enable 

9. 28-pin dual-in-line package 


■ Block Diagram 
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NMOS 262144-Bit Mask Programmable Read Only Memory 


LH23257 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage* 

Vcc 

— 0.3 — 1-7.0 

V 

Input voltage* 

V,N 

— 0.3 — 1-7.0 

V 

Output voltage* 

VoUT 

— 0.3 — I- 7.0 

V 

Operating temperature 

T„or 

0- + 70 

°c 

Storage temperature 

Tstg 

— 55 — b 150 

°c 


* The maximum applicable voltage on any pin with respect to GND. 


■ Recommended Operating Conditions 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vcc 

4.5 

5 

5.5 

V 

Input voltage 

V, L 

-0.3 


0.8 

V 

V,H 

2.2 


Vcc 

V 


I DC Characteristics (V C c=5V±io%,Ta=o~+70°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input low voltage 

Vil 


-0.3 


0.8 

V 

Input high voltage 

V,H 


2.2 


Vcc 

V 

Output low voltage 

Vol 

Iql = 3.2mA 



0.4 

V 

Output high voltage 

VoH 

Ioh = 400 fj. A 

2.4 



V 

Input leakage current 

1 Ili 1 

V IN = 0~5.5V 



10 

M 

Output leakage current 

IIloI 

Vout = 0~5.5V during standby 



10 

uA 

Current during operation 

Icci 

IouT = 0mA 



80 

mA 

consumption during standby 

IcC2 

CS^0.8V,CS^2.2V 



45 

mA 


■ AC Characteristics (V cc =5V±io%,Ta=o~+70T:) 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Read cycle time 

t-RC 

250 



ns 

Access time 

i-ACC 



250 

ns 

Chip enable time 

tcE 



250 

ns 

Output enable time 

t(}E 



100 

ns 

Chip select time 

tcs 

10 



ns 

Output select time 

tos 

10 



ns 

Output turn-off time (from CS) 

i-DFl 



70 

ns 

Output turn-off time (from OE) 

tDF2 



70 

ns 

Output hold time 

toH 

10 



ns 


Conditions for measurement of AC characteristics 


• Input voltage frequency +0.4 — P2.4V 

• Input rise/fall time 20ns 

• Input decision level 1.5V 

• Output decision level 0.8V, 2.0V 

• Output load ITTL+lOOpF 
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NMOS 262144-Bit Mask Programmable Read Only Memory LH232!57 


■ Pin Capacitance (f-iMHz, Ta-25t) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 1 

Unit 

Input capacitance 

CiN 

V,N = 0V 



8 

pF 

Output capacitance 

CqUT 

Vout^OV 



12 

pF 


■ Timing Diagram 



■ Chip Select 


cs/cs 

OE/OE 

Output 

Current consumption 

L/H 


High impedance 

Standby 

H/L 

L/H 

Operating 

H/L 

Dout 
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NMOS 262144-Bit Mask Programmable Read Only Memory 


LH 23257 


■ Electrical Characteristics Curves (V C c=5V, Ta=25°C unless otherwise specified) 


Access time vs. supply voltage 


Access time vs. ambient temperature 



4.0 4.5 5.0 5.5 6.0 

Supply voltage Vcc (V) 

Supply current during operation vs. 



Supply voltage Vcc (V) 


Output enable time vs. supply voltage 



Supply voltage Vcc (V) 



Supply current during operation vs. 
ambient temperature 


80 


60 


40 


20 


tcYC=250ns 

Vcc=5.5V 









~~ 







0 25 50 75 100 

Ambient temperature Ta (°C) 

Input voltage vs. supply voltage 

2.0 


> 

x 

> 


1.7 


1.4 


1.1 


0.8 








VlH 







' 

VlL 







4.0 


4.5 


5.0 


5.5 


6.0 


Supply voltage Vcc (V) 
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CMOS 262144-Bit Mask Programmable Read Only Memory LH53256 


I ■■ C O O C d CMOS 262144-Bit Mask Programmable Read 
LnOOfaJ v Only Memory 


■ Description 

The LH53256 is a mask programmable ROM 
organized as 32,768-word-by-8-bit by using sili- 
con-gate CMOS process technology. 


■ Features 

1. 32,768-word-by-8-bit organization 

2. Single +5V power supply 

3. Low power consumption 

4. Edge enable operation (CEi, CE 2 ) 

5. Three-state outputs 

6. Access time (MAX.) : 800ns 

7. Programmable chip select 

8. Byte/digit output select 

9. 44-pin quad-flat package 


■ Pin Connections 






£ O -T \ 0 — co co cn 



CQ > < 0 OOO 



[33|[32lf3ilf3^f2^|28l(27lf26lf25l|24l[23l 


a 7 (m 

r N 

Unc 

AeH 


HAs 

As! 


Ha 9 

A 4 (37 


hi A12 

nc[m 


HCE2 

NCl 


mcii 

A3 Ho] 


HlGND 

A2E1 


in A13 

Aid 


nioE 

NCd 


H An 

Ao d 

O 

HI NC 


^ LD LiJ LU LiJ L5J L®J 1ZJ L§J L»J ll®! liiC 



^(5qq 



0 

Top View 


■ Block Diagram 










CMOS 262144-Bit Mask Programmable Read Only Memory 


LH53256 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Pin voltage* 

V,N 

— 0.3 — h7.0 

V 

Operating temperature 

'T opr 

0 — K60 

°c 

Storage temperature 

l,t S 

— 55 — h 150 

°c 


* The maximum application voltage on any pin with respect to GND. 


■ DC Characteristics (V cc =5.ov±io%,Ta=o~+60°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input low voltage 

v IL 


-0.3 


0.6 

V 


Input high voltage 

V,H 


< 

o 

n 

1 

o 

4^ 


V CC 

V 


Output low voltage 

VqL 

Iol“ 2.0mA 



0.4 

V 


Output high voltage 

V OH 

Iqh — 1 .0mA 

2.4 



V 


Input leakage current 

1 Ili 1 

V IN =0V~V cc 



1.0 

M 


Output leakage current 

1 Ilo 1 




1.0 

M 

1 

Chip enabled power 
supply current 

Icci 




10 

mA 

2 

Chip disabled power 
supply current 

ICC2 




50 

V A 

3 

Input capacitance 

ClN 




5 

pF 

4 

Output capacitance 

CquT 




10 

pF 

4 


Note 1: CE^Vcc — 0.2V or CE 2 = 0.2V or OE = Vcc-0.2V, Vout=0V~Vcc 
Note 2: Inpu t amplitude : 0.4V~Vcc— 0.4V, tcYC=900ns, output open 
Note 3: CEi=Vcc-0.2V, CE 2 =0.2V 
Note 4: Ta=25°C, f=lMHz 


■ AC Characteristics (V cc =5.ov ± io%, Ta=o~ + 60 °c> 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Chip enable setup time 

tcE 



800 

ns 

Output enable time 

t()E 



100 

ns 

Address setup time 

tAS 

30 



ns 

Address hold time 

tAH 

100 



ns 

Chip turn-off time (CE) 

Idfi 



100 

ns 

Chip turn-off time (OE) 

tDF2 



100 

ns 

Chip enable precharge time 

t p 

100 



ns 

Cycle time 

tcYC 

900 



ns 


Test conditions of AC characteristics 

• Input voltage amplitude 

• Input rising/falling time 

• Input threshold level 

• Output threshold level 

• Output load condition 


+ 0.4V~V CC - 

20ns 

1.5V 

0.4V and 2.4V 
lOpF 


0.4V 
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CMOS 262144-Bit Mask Programmable Read Only Memory LH53256 


■ Timing Diagram 


A° A 1 4 

CSo/CS 0 ~CS 3 /CS3 
L/U, B/D 


CEi 


CE 2 


OE 


Do — D7 



■ Chip Select 


ce; 

ce 2 

OE 

CSs/CSo-CS^/CSa 

Mode 

Oo~D 7 

L 

H 

0 

In selection mode 

Read 

Dout 

1 


X 

In non-selection mode 

Non-selection 

L 

L 

X 



High impedance 

H 

L 

X 


Standby 


H 

H 

X 





■ Byte/Digit Output Select 


L/U 

B/D 

Data output pins 

d 7 

d 6 

d 5 

D 4 

d 3 

d 2 

D x 

Do 

L 

L 

d 7 

d 6 

d 5 

d 4 

Ds 

d 2 

D 4 

D 0 

L 

H 

d 7 

d 6 

d 5 

d 4 

d 3 

d 2 

Di 

D 0 

H 

L 

d 7 

d 6 

d 5 

d 4 

03 

d 2 

D, 

D 0 

H 

H 

d 7 

d 6 

D s 

d 4 

d 7 

d 6 

Db 

d 4 
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CMOS 262144-Bit Mask Programmable Read Only Memory 


LH 53256 


■ Electrical Characteristics Curves (Ta= 25°C unless otherwise specified) 


Normalized chip-enable delay time vs. 
supply voltage 



4.0 4.5 5.0 5.5 6.0 


Supply voltage Vcc (V) 

Supply current during operation vs. 
supply voltage 


< 

s 



4.0 4.5 5.0 5.5 6.0 

Supply voltage Vcc (V) 


Output voltage vs. supply voltage 



ol — I — I. l i 

4.0 4.5 5.0 5.5 6.0 

Supply voltage Vcc (V) 


Normalized chip-enable delay time vs. 



0 25 50 75 100 

Ambient temperature Ta (°C) 


Supply current during operation vs. 
ambient temperature 


< 

s 





. 















Vcc 

tCY 
t P : 

= 5.5 V 

c = 900 ns 
= 100 ns 

1 


0 25 50 75 100 

Ambient temperature Ta (°C) 

Input voltage vs. supply voltage 

2.4 


1.8 


1.2 


0.6 


Ta = 0'C(V, H ) 
Ta=60"C(Vi L ) 


^ Vih 




^^V IL 

— 









4.0 4.5 5.0 5.5 6.0 

Supply voltage Vcc (V) 
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CMOS 262144-Bit Mask Programmable Read Only Memory 


LH 53257 


I UCQOC7 CMOS 262144-Bit Mask Programmable Read 
Lfl Only Memory 


■ Description 

The LH53257 is a fully static mask programm- 
able ROM organized as 32,768-word-by-8-bit by 
using polycrystal silicon-gate CMOS process tech- 
nology. 


■ Features 

1. 32,768-word-by-8-bit organization 

2. Single +5V power supply 

3. Low power consumption 

4. Fully static operation (No clock required) 

5. All input and output TTL compatible 

6. Three-state outputs 

7. Access time (MAX.) : 250ns 

8. Programmable chip select 

9. Programmable output enable 

10. 28-pin dual-in- line package 


■ Pin Connections 



■ Block Diagram 


Data Output 
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CMOS 262144-Bit Mask Programmable Read Only Memory 


LH53257 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage* 

Vcc 

— 0.3 — b7.0 

V 

Input voltage* 

V IN 

— 0.3 — h 7.0 

V 

Output voltage * 

VoUT 

— 0.3 ~ + 7.0 

V 

Operating temperature 

T 

A opr 

0 — H70 

°c 

Storage temperature 

Xstg 

— 55 — hl50 

°c 


* The maximum applicable voltage on any pin with respect to GND. 


■ Recommended Operating Conditions 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

V cc 

4.5 

5 

5.5 

V 

Input voltage 

VlL 

-0.3 


0.8 

V 

V,H 

2.2 


Vcc 

V 


■ DC Characteristics (V cc =5V±io%, Ta=o~+70°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input low voltage 

V,L 


-0.3 


0.8 

V 

Input high voltage 

V IH 


2.2 


Vcc 

V 

Output low voltage 

V 0 L 

Iol= 1.6mA 



0.4 

V 

Output high voltage 

VoH 

Iqh — 200 juA 

2.4 



V 

Input leakage current 

1 Ili 1 

V IN =0~5.5V 



10 

M 

Output leakage current 

UloI 

CS=0.8V, CS=2.2V, 
V O ut=0~5.5V 



10 

M 

Current 

During operation 

Icc 

IouT = 0mA 



30 

mA 

consumption 

During standby 

IsB 

CS^0.2V, CS^V cc -0.2V 



30 

A* A 


■ AC Characteristics (V cc =5V±io%,Ta=o~+70°C) 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Read cycle time 

tRC 

250 



ns 

Access time 

tACC 



250 

ns 

Chip enable time 

tcE 



250 

ns 

Output enable time 

toE 



100 

ns 

Chip select time 

tcs 

10 



ns 

Output select time 

tos 

10 



ns 

Output turn-off time (from CS) 

tDFl 



100 

ns 

Output turn-off time (from OE) 

tDF2 



100 

ns 

Output hold time 

toH 

10 



ns 


Conditions for measurement of AC characteristics 


• Input voltage frequency width 0.8 ~ 2.2V 

• Input rise/fall time 20ms 

• Input decision level '••1.5V 

• Output decision level 0.8V and 2.2V 

• Output load ITTL+lOOpF 
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CMOS 262144TBit Mask Programmable Read Only Memory 


LH53257 


■ Pin Capacitance (f=iMHz, Ta=25'C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

Qn 

Vi N =0V 



10 

pF 

Output capacitance 

Qn 

Vout^OV 



10 

pF 


■ Timing Diagram 



-» 1 RC 


Ao~Al4 ^ 

l 

t — 

C 


"* 1 ACC » 

H — ^ 

tOH 

cs Y ~ tCE 1 

-Y_ 




OE \ 

j-tOE * 

K - | 

/ 

■ 


. . .. j 

\LL L 7 

i "5 

Valid data 

c i 


(Hieh imDedance) \ \ \ ^ 




■ Chip Select 


cs/cs 

OE/OE 

Output 

Power consumption 

L/H 

x • 

High impedance 

During standby 

H/L 

L/H 

During operation 

H/L 

Output 




640 
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Output enable time toE (Relative value) Supply current during operation Icc (mA) Access time tACC (Relative value) 


CMOS 262144-Bit Mask Programmable Read Only Memory 


LH53257 


I Electrical Characteristics Curves (V C c=5V, Ta=25°C unless otherwise specified) 


Access time vs. supply voltage 



4.0 4.5 5.0 5.5 6.0 

Supply voltage Vcc (V) 


Supply current during operation vs. 
supply voltage 



4.0 4.5 5.0 5.5 6.0 

Supply voltage Vcc (V) 

Output enable time vs. 



4.0 4.5 5.0 5.5 6.0 

Supply voltage Vcc (V) 


Access time vs. ambient temperature 



Ambient temperature Ta (°C) 


Supply current during operation vs. 
ambient temperature 


< 

s 



Ambient temperature Ta (°C) 


Input voltage vs. supply voltage 



4.0 4.5 . 5.0 5.5 6.0 


Supply voltage Vcc (V) 
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CMOS 524288-Bit Mask Programmable Read Only Memory 


LH53512 


I UCOC 1 O CMOS 524288-Bit Mask Programmable Read 
Lll J OD X Cm Only Memory 


■ Description 

The LH53512 is a mask programmable ROM 
organized as 65,536-word-by-8-bit by using sili- 
con-gate CMOS process technology. 


■ Features 

1. 65,536-word-by-8-bit organization 

2. Single +5V power supply 

3. Low power consumption 

4. Edge enabled operation 

5. Three-state outputs 

6. Access time (MAX.) : 3.0 fi s 

7. Programmable chip select 

8. 24 -pin small-outline package 


■ Pin Connections 



r \ 


NC U 

r~\ 

D NC 

cso/cs^ U 

\ J 

M CSi/CST 

A/Dr U 


D CS 2 /CS 2 

A/Ds E 


1 CSs/CSE 

A/Ds QT 


1 NC 

A/D, [6 


ID NC 

A/Ds E 


hi Vcc 

A/Ds QE 


HI HAS 

A/D! [9 


HI LAS 

A/Do H 


ID OE/OE 

GND m 


HI B/D 

nc in 


m nc 


V > 




Top View 


■ Block Diagram 



Low Address High Address Byte/Digit Output 

Read Signal Read Signal Select Enable 
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CMOS 524288-Bit Mask Programmable Read Only Memory 


LH53512 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage* 

Vcc 

— 0.3 — b 7.0 

V 

Input voltage* 

V,N 

-0.3-+7.0 

V 

Output voltage* 

VoUT 

— 6.3— +7.0 

V 

Operating temperature 

t opr 

-5~ + 55 

°c 

Storage temperature 

XstS 

— 55 — 1-150 

°c 


* The maximum applicable voltage on any pin with respect to GND. 


■ Recommended Operating Conditions (Ta=25'C) 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vcc 

4.0 

5.0 

6.0 

V 

Input voltage 

V,L 

-0.3 


0.8 

V 

V|H 

V cc - 1.0 


Vcc 

V 


■ DC Characteristics <v cc =5.ov±20%,Ta=-5~+55'C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input low voltage 

V,L 


-0.3 


0.8 

V 


Input high voltage 

V,H 


V cc - 1-0 


Vcc 

V 


Output low voltage 

VoL 

Iol — 0-5mA 



0.4 

V 


Output high voltage 

VoH 

Ioh == 0.5mA 

V cc - 0.8 



V 


Input leakage current 

1 Ili 1 




1.0 

M 

1 

Output leakage current 

Ilo 1 




1.0 

M 

' \ 

Chip enable power supply 

Icci 




1,500 

M . 


current 

ICC2 




500 

M , 

\ 3 

Chip disabled power supply 

current 

ICC3 




3.0 

M | 

1 4 

i 


Note 1: Input leakage current (except A/Do~7) : Vin=0V~Vcc 
I/O leakage current (A/Dq~ 7 ) : Vin/out=OV'~-Vcc 

CSi = 0.2V, CSi = Vcc— 0.2V or OE = 0.2V, OE=Vcc-0.2V 
Note 2: t C YC = 4.4 jus, Vcc=5.5V, output open, Vin=+0.4 — H5.1V 
Note 3: tCYC=15 jus, Vcc=5.5V, output open, Vin= + 0.4~ + 5.1V 
Note 4: CSi = 0.2V, CSi = Vcc-0.2V 
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CMOS 524288-Bit Mask Programmable Read Only Memory 


LH53512 


■ AC Characteristics (v cc =5.ov±2o%,Ta=-5~+55'C) 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Lower address setup time 

tsLA 

0 



ns 

Lower address hold time 

tHLA 

200 



ns 

Higher address setup time 

tsHA 

0 



ns 

Higher address hold time 

tHHA 

200 



ns 

CS hold time (non-selection) 

tHC 

0 



ns 

CS setup time 

tsc 

200 



ns 

B/D setup time 

tsB 

0 



ns 

B/D hold time 

tHB 

200 



ns 

LAS pulse width 

twL 

500 



ns 

HAS pulse width 

twH 

500 



ns 

HAS access time 

tHAS 



3,000 

ns 

OE access time 

toE 



1,000 

ns 

A/D open setup time 

tFO 

0 



ns 

OE to data out delay 

toD 

0 



ns 

OE to pulse width 

two 

0 



ns 

CS/data off delay 

tcF 

0 


200 

ns 

OE to data off delay 

toF 

0 


200 

ns 

OE LAS delay 

toL 

200 



ns 

B/D OE setup time 

tsBO 

200 



ns 

B/D OE hold time 

tflBO 

200 



ns 

Cycle time (8-bit output mode) 

tcYCl 

4,400 



ns 

Cycle time (4 -bit output mode) 

t C YC2 

580 



ns 


Test conditions of AC characteristics 

• Input voltage amplitude + 0.4V ~V CC — 0.4V 

• Input rising/falling time 20ns 

• Input threshold level 1.5V 

• Output threshold level 0.4V and V cc — 0.8V 

• Output load condition lOOpF 


■ Capacitance (f=iMHz, Ta=25”C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

Cin 

> 

o 

H 1 
2 

> ! 

J 



10 

pF 

Output capacitance 

CoUT 

1 Voux = 0V i 



10 

pF 
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CMOS 524288-Bit Mask Programmable Read Only Memory 


LH53512 


■ Timing Diagram 
8-bit output mode 



4-bit output mode 



D 4 ~7 at B/D=l 
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CMOS 1048576-Bit Mask Programmable Read Only Memory 


LH531000 


I LI C O 1 AAA CMOS 1048576-Bit Mask Programmable 
LllDOl www Read Only Memory 


■ Description 

. The LH531000 is a mask programmable ROM 
organized as 131,072-word-by-8-bit by using 
silicon-gate CMOS process technology. 


■ Features 

1. 131,072-word“by-8-bit organization 

2. Single + 5V power supply 

3. Low power consumption 

4. Fully static operation 

5. Automatic power down mode 

6. All input and output TTL compatible 

7. Three-state outputs 

8. Access time (MAX.) : 250ns (normal mode) 

80ns (nibble mode) 

9. Programmable chip select 
CS type 20pin = CS/CS 
OE type 20pin = OE/OE 

10. 28-pin dual-in-line package 


■ Pin Connections 


A 15 H 

> 

0 

HI Vcc 

A 12 u 

H A 14 

A 7 H! 


U A 13 

Ae E 


1 As 

As E 


13 a 9 

a 4 GE 


1 An 

As E 


1 A 16 

a 2 DE 


11 A 10 

Ai GE 


H CS/CS/CE/CE 

Ao Qo 

' 

m d 7 

DoE 


1 De 

d 1 m 


11 Ds 

d 2 M 


U D 4 

GND [h 


11 Ds 


v J 

Top View 


■ Block Diagram 


Data Output 

* s 

D 7 D 6 D 5 D 4 D 3 D 2 Di Do 
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CMOS 1244160-Bit Mask Programmable Read 
Only Memory for “kanji” Characters Generation 


LH53012 Series 


LH53012 Series 


NEW 


CMOS 1244160-Bit Mask 
Programmable Read Only Memory for “kanji” Characters Generation 


■ Description 

LH530101 ~ 4 are mask ROMs for “kanji” 
characters generation which memorize a total of 
6834 characters of non-“kanji” and “kanji”. It is 
able to input the first and second bytes of JIS “kan- 
ji” code and a character is composed of 24 X 24 
dots prescribed in JIS C 6226-1983 


■ Features 

1. 4 chips in a set 

Non-“kanji”(524 characters) + First standard 
“kanji”(2965 characters) : LH530101 + 
LH530102 Second standard “kanji”(3388 char- 
acters) : LH530103 + LH530104 

2. Row scanning method 

3. 103, 680-word-by-l 2-bit organization 

4. Single + 5V power supply 

5. Low power consumption 

6. Fully static operation (no clock required) 

7. Three-state outputs 8 

8. Access time (MAX.) : 250ns 

9. Involved the error correcting circuit 
10. 40-pin dual-in-line packge 


■ Pin Connections 
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CMOS 124416-Bit Mask Programmable Read 
Only Memory for “kanji” Characters Generation 


LH53012 Series 















Ordering Procedure of Mask ROM 


Mask ROM Ordering Procedure 


The ordering procedure for mask ROMs is de- 
scribed below along the mask ROM development 
flow chart. 

ROM data from the user should be submitted in 
the form of an EPROM or on paper tape. At the 
same time, the following information should be pro- 
vided. 

(1) Type of media on which ROM data is pro- 
vided 

(2) Specified items (chip select, markings) 

(3) Corporate name, person in charge, signature 

(4) Date of order 

When submitting the ROM, two sets of ROM data 
media and ROM print-outs must be submitted to 
make sure that correct data can be read from the 


ROM. 

After the ROM data is received, we use a CAD 
system to create a magnetic tape to prepare the 
ROM mask, and create a new EPROM or paper tape 
and their print-outs for comparison to make sure 
that the CAD-processed ROM data is correct. 

After the user verifies that there are no prob- 
lems with the results, we start preparing the mask 
and the TS (technical sample) and submit these to 
the user for evaluation. 

If there are no problems with the TS, the user 
submits the “Mask ROM TS Certification” to us. 
We can begin mass production immediately or 
shortly thereafter according to instructions given 
by the user. 
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CMOS 65536-Bit Electrically Programmable ROM 


LH5764J 


LH5764J CMOS 65536-Bit Electrically Programmable 


■ Description 

The LH5764J is a CMOS UV ERASABLE and 
electrically programmable read only memory organ- 
ized as 8,192-word-by-8-bit. It is especially well 
suited for application where rapid turn-around 
and/or bit pattern experimentation, and low-power 
consumption and fast access time are important. 


■ Features 

1. 8,192-word-by-8-bit organization 

2. Access Time (MAX.) 

LH5764J-20 : 200ns 
LH5764J-25 : 250ns 
LH5764J-30 : 300ns 
LH5764J-45 : 450ns 

3. Single +5V power supply 

4. Programming power supply : + 12.5V ± 40% 
Programming pulse width : lms/byte 

5. Power consumption (MAX.) : 150mW (operation) 

0.55mW (standby) 

■ Block Diagram 


■ Pin Connections 



6. Fully static operation 

7. Input and output TTL compatible 

8. Pin compatible with i2764 

9. 28-pin dual- in-line package (Ceramic) 
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CMOS 131072-Bit Electrically Programmable ROM 


LH57128J 


I UCll OO I CMOS 131072-Bit Electrically 
Lrl 3 / IfaOJ Programmable ROM 


■ Description 

The LH57128J is a CMOS UV ERASABLE and 
electrically programmable read only memory organ- 
ized as 16,384-word-by-8-bit. It is especially well 
suited for application where rapid turn-around 
and/or bit pattern experimentation, and low-power 
consumption and fast access time are important. 


■ Features 

1. 16,384-word-by-8-bit organization 

2. Access Time (MAX.) 

LH57128J-20 : 200ns 
LH57128J-25 : 250ns 
LH57128J-30 : 300ns 
LH57128J-45 : 450ns 

3. Single +5V power supply 

4. Programming power supply : + 12.5V ± 40% 
Programming pulse width : lms/byte 

5. Power consumption (MAX.) : 150mW (operation) 

0.55mW (standby) 


■ Pin Connections 



6. Fully static operation 

7. Input and output TTL compatible 

8. Pin compatible with i27 1 28 

9. 28- pin dual -in- line package (Ceramic) 


■ Block Diagram 
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CMOS 262144-Bit Electrically Programmable ROM 


LH 57256 J 


LH57256J 


CMOS 262144-Bit Electrically 
Programmable ROM 


NEW 


■ Description 

The LH57256J is a CMOS UV ERASABLE and 
electrically programmable read only memory organ- 
ized as 32,768-word-by-8-bit. It is especially well 
suited for application where rapid turn-around 
and/or bit pattern experimentation, and low-power 
consumption and fast access time are important. 

■ Features 

1. 32,768-word-by-8-bit organization 

2. Access Time (MAX.) 

LH57256J-20 : 200ns 
LH57256J-25 : 250ns 
LH57256J-30 : 300ns 
LH57256J-45 450ns 

3. Single +5V power supply 

4. Programming power supply : + 12.5V + 40% 
Programming pulse width : lms/byte 

5. Power consumption (MAX.) : 150mW (operation) 

0.55mW (standby) 

6. Fully static operation 


■ Pin Connections 



7. Inputs and Outputs TTL compatible 

8. Pin compatible with i27256 

9. 28-pin dual-in-line package (Ceramic) 


■ Block Diagram 



— — SHARP 


652 






CMOS 1024-Bit Static Random Access Memory 


LH51 01 -30/LH51 01 -45 


LH5101-30/LH5101-45 

CMOS 1024-Bit Static Random Access Memory 


■ Description 

The LH5101-30/LH5101-45 are fully static RAMs 
organized as 256-word-by-4-bit by using sili- 
con-gate CMOS process technology. 


■ Features 

1. 256-word-by-4~bit organization 

2. Single +5V power supply 

3. Fully static operation 

4. All inputs and outputs TTL compatible 

5. Three-state outputs 

6. Access time (MAX.) 

LH5101-30 : 300ns, LH5101-45 : 450ns 

7. Data can be held on +2V supply voltage 

8. Low power current consumption at standby 
mode 10/^A(MAX.) 

9. 22-pin dual-in-line package 


■ Pin Connections 



r \ 


As[T 

0 

22 ) Vcc 

a 2 E 

23 a 4 

Ai GE 


lo] R/W 

Ao E 


ID CEi 

As QT 


ID OD 

A 6 BE 


m ce 2 

A? |T 


ID do 4 

gndqt 


I5] DI 4 

Dll E 


14 | DOs 

DOi Qo 


H di 3 

Dh is 

. J 

HI do 2 

Top View 


Block Diagram 



Address Input 


SHARP 


653 




CMOS 1024-Bit Static Random Access Memory 


LH51 01 -30/LH51 01 -45 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage* 

Vcc 

— 0.3~ + 7.0 

V 

Input voltage * 

VlN 

— 0.3~y C c+0.3 

V 

Output voltage * 

VoUT 

— 0.3 ~ V cc +0.3 

V 

Operating temperature 

T 

1 opr 

0— + 70 

°c 

Storage temperature 

Ts tg 

-55- + 150 

°c 


* The maximum applicable voltage on any pin with respect to GND. 


B DC Characteristics (v cc — 5v±io%,Ta— o~+70°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input low voltage 

V,L 




0.65 

V 

Input high voltage 

V,H 


2.2 



V 

Output low voltage 

VoL 

Iql =: 2.0mA 



0.4 

V 

Output high voltage 

VoH 

Ioh = 1.0mA 

2.4 



V 

Input current 

llul 

0SV IN iV cc 



1.0 

M 

Output leakage current 

IIloI 

0^V IN ^V cc , CE! = 2.2V 



1.0 

M 

Current consumption 1 

Icci 

Output open 

V IN =Vcc, CE^0.65V 



20 

mA 

Current consumption 2 

IcC2 

Output open 

Vi N =2.2V,CE^^0.65V 



25 

mA 

Chip disabled current 
consumption 

ICCL 

0^V IN ^V cc , CE^g0.2V 



10 

H A 


B AC Characteristics 


(1) Read cycle (V cc =5V±io%,Ta=o~+70°C) 


Parameter 

Symbol 

LH5101-30 

LH5101-45 

Unit 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Cycle time 

Irc 

300 



450 



ns 

Access time 

Iacc 



300 



450 

ns 

Chip enable time 1 

tcoi 



250 



400 

ns 

Chip enable time 2 

tco2 



350 



500 

ns 

Output enable time 

toD 



180 



250 

ns 

Chip turn-off time 

toF 

0 


100 

0 


130 

ns 

Data hold time from address 

torn 

0 



0 



ns 

Data hold time from CEx 

loH2 

0 



0 



ns 


(2) Write cycle (V cc =5V±l0%,Ta=0~+70'C) 


Parameter 

Symbol 

LH5101-30 i 

LH5101-45 | 

Unit 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Cycle time 

twc 

300 



450 



ns 

Access time 

tAW 

60 



130 



ns 

Chip enable time 1 

tcwi 

250 



350 



ns 

Chip enable time 2 

tew 2 

250 



350 



ns 

Data setup time 

Idw 

150 



250 



ns 

Data hold time 

Idh 

40 



50 



ns 

Pulse width 

t W p 

180 



250 



ns 

Recovery time 

twR 

40 



50 



ns 

Input enable time 

Ids 

100 



130 



ns 
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CMOS 1024-Bit Static Random Access Memory 


LH51 01 -30/LH51 01 -45 


Test conditions of AC characteristics 


• Input voltage amplitude +0.65 — H2.2V 

• Input rising/falling time 10ns 

• Timing reference level 1.5V 

• Output load condition ITTL+lOOpF 


■ Capacitance (f=iMHz,Ta=25t:) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

Cin 

> 

o 

II 

2 

> 


3.5 

6 

pF 

Output capacitance 

Cqut 

1 V OU T = 0V ! 


9 

12 

pF 


■ Low-Voltage Data Hold Characteristics (Ta=o~+70°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Supply voltage for 
data hold 

Vdr 

V C e2^0.2V 

2.0 



V 


Supply current for 
data hold 

Iccdr 

V C e2^0.2V, V dr =2.0V 



5 

M 


Chip turn-off time 

tcDR 


0 



ns 


Operation recovery time 

tR 


tRC 



ns 

1 


Note 1: In data hold mode, all input/output pins are put below Vdr. tRC : Read cycle time 


■ Timing Diagram 

(1) Read cycle 



-■S tRC 


Ao~A? ) 

( j 

<Z- 





tom | 

1 

CEi 

\ 

\ 

/ 

f 

t0H2 S- 


j £ 


“Y 


top 


OD 

in I/O common mode) 


/ 

^ { ()( - 3*. 


pC. t ACC 



DOi~D 0 4 ) 

^ Valid output data 


For data input/output separation, OD is made low. In read cycle, R/W is made high. 
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CMOS 1024-Bit Static Random Access Memory LH51 01 -30/LH51 01-45 


(2) Write cycle 



twc ^ 



c > 

P 


-e tcwi 



CE, N 

V 

n 




ce 2 f 



V 




OD i 

(in I/O common mode) J 



/ 




DIi~DI 2 ) 

( 

X” 



| tAW ^ 

-e 1 DW 

t. W P. 



R/W 

n 

1 \ / 




In I/O common mode, OD is made high during the write period. For data input/output separation, OD may be either high or low. 


(3) Low-voltage data hold 
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CMOS 1024-Bit Static Random Access Memory 


LH51 01 -30/LH51 01 -45 


■ Electrical Characteristics Curves (V C c= 
Access time vs. supply voltage 



4.0 4.5 5.0 5.5 6.0 

Supply voltage Vcc (V) 


Average supply current vs. 
supply voltage 



4.0 4.5 5.0 5.5 6.0 


Supply voltage Vcc (V) 

Input voltage vs. supply voltage 
2.0 1 1 1 1 1 


> 



o 

> 

! 0.5 
c 


0l 1 I I I 

4.0 4.5 5.0 5.5 6.0 

Supply voltage Vcc (V) 


5V, TA — 25°C unless otherwise specified) 

Access time vs. ambient temperature 



0 25 50 75 100 

Ambient temperature Ta (°C) 


Average supply current vs. 
ambient temperature 



Ambient temperature Ta (°C) 


Input voltage vs. ambient temperature 



0 25 50 75 100 

Ambient temperature Ta (°C) 
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CMOS 1024-Bit Static Random Access Memory 


LH5101/LH5101L3 


LH5101/LH5101L3 

CMOS 1024-Bit Static Random Access Memory 


■ Description 

The LH5101/LH5101L3 are fully static RAMs 
organized as 256-word-by-4-bit by using sili- 
con-gate CMOS process technology. 


■ Features 

1. 256-word-by -4-bit organization 

2. Single +5V power supply 

3. Fully static operation 

4. All inputs and outputs TTL compatible 

5. Three-state outputs 

6. Access time (MAX.) 

LH5101 : 800ns, LH5101L3 : 650ns 

7. Data can be held on +2V supply voltage 

8. Low power supply current at standby mode 

9. 22-pin dual-in-line package 


■ Pin Connections 



r \ 


As [T 


22] Vcc 

a 2 u 

w 

m a 4 

Ai (T 


20) R/W 

Ao [T 


D CEl 

As \£ 


i8)OD 

A6 [IT 


1 CE 2 

A? \Y 


H do 4 

GND {£ 


H di 4 

DIi (T 


u] DOs 

DOi go 


1 DIs 

DI 2 [II 


ID do 2 


V J 




Top View 


Block Diagram 


Address Inputs 

Chip Enable Input ^ 
Read/ Write Input 

Data Inputs 

Output Disable 



Memory Array 
32 Rows 
32 Columns 


3T 


Column I/O 
Circuits 


ZE 


Column 

Address 

Decoders 


ZT 


Column 

Address 

Buffers 


— — 

Address Input 




f Data Output 
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CMOS 1024-Bit Static Random Access Memory 


LH5101/LH5101L3 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

(V cc =5V±5%,Ta=0~ + 70‘C) 

Supply voltage* 

Vcc 

— 0.3 — K7.0 

V 

Input voltage * 

Vin 

-0.3~V cc + 0.3 

V 

Output voltage* 

VoUT 

-0.3~V cc + 0.3 

V 

Operating temperature 

T„ Dr 

0 — H70 

°c 

Storage temperature 

Ltg 

— 55 — h 150 

°c 

♦ The maximum applicable voltage on any pin with respect to GND. 

■ DC Characteristics 

Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input low voltage 

V IL 


0.3 


0.65 

V 

Input high voltage 

V,H 


2.2 


Vcc 

V 

Output low voltage 

VOL 

Iql = 2.0mA 



0.4 

V 

Output high voltage 

VoH 

Ioh == 1 .0 mA 

2.4 



V 

Input current 

Hu 1 

0^V IN ^V C c 



1.0 

M 

Output leakage current 

1 Ilo 1 

0^V IN ^V cc , CE>2.2V 



1.0 

M 

Current consumption 1 

Icci 

Output open, V IN =V CC 
CE^0.65V 


9 

22 

mA 

Current consumption 2 

IcC2 

Output open, V IN = 2.2V 
CE^0.65V 


13 

27 

mA 

Chip disabled current 
consumption 

T 

iCCL 


LH5101 



100 

m 

Gx1<2 V 

LH5101L3 



200 


■ AC Characteristics 


(1) Read cycle (V cc =5V±io%,Ta=0~+70°C) 


Parameter 

Symbol 

| LH5101 

! LH5101L3 

Unit 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Cycle time 

Irc 

800 



650 



ns 

Access time 

Iacc 



800 



650 

ns 

Chip enable time 1 

tcoi 



800 



600 

ns 

Chip enable time 2 

tc02 



850 



700 

ns 

Output enable time 

toD 



350 



350 

ns 

Chip turn-off time 

Idf 

0 


200 

0 


150 

ns 

Data hold time from address 

toHl 

0 



0 



ns 

Data hold time from CEi 

1qH2 

0 



0 



ns 


(2) Write cycle (V cc =5V±io% ( Ta=0~+70”C) 


Parameter 

Symbol 

| LH5101 

j LH5101L3 i 

Unit 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Cycle time 

twc 

800 



650 



ns 

Access time 

tAW 

200 



150 



ns 

Chip enable time 1 

tcwi 

600 



550 



ns 

Chip enable time 2 

tew 2 

600 



550 



ns 

Data setup time 

tDW 

400 



400 



ns 

Data hold time 

tDH 

100 



100 



ns 

Pulse width 

t W P 

400 



400 



ns 

Recovery time 

twR 

50 



50 



ns 

Input enable time 

Ids 

200 



150 



ns 
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CMOS 1024-Bit Static Random Access Memory LH5101/LH5101L3 


Test conditions of AC characteristics 

a t .. 4 . ~ ~ j a r cz o o\r 

A 

input voltage ainpntuue 

1 0.00 1 ^.4. V 

• 

a 

Input rising/falling time 

Lt u ns 

w 

• 

Timing reference level 

Output load condition 

1 .0 V 

ITTL + lOOpF 


■ Capacitance (f=iMHz,Ta=25‘C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 


Unit 

Input capacitance 

Cin 

v IN =ov 


6 


pF 

Output capacitance 

Cqut 

Vout = OV 


15 


pF 


■ Low-Voltage Data Hold Characteristics (Ta-o~ + 70°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage for data 
hold 

Vdr 

V C e2^0.2V 

2.0 



V 

Supply current for data hold 

IcCDR 

Vce2^0.2V, V D r = 2.0V 



20 

M 

Chip turn off time 

tcDR 


0 



ns 

Operation recovery time** 

tR 


tRC 



ns 


** In data hold mode, all input/output pins are put below Vdr. 
tRc : Read cycle time 
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CMOS 1024-Bit Static Random Access Memory 


LH5101S 


LH5101S 


CMOS 1024-Bit Static Random Access Memory 


■ Description 

The LH5101S is a fully static RAM organized as 
256-word-by-4-bit by using silicon-gate CMOS 
process technology. 


■ Features 

1. 256-word-by-4-bit organization 

2. Single +3V power supply 

3. Fully static operation 

4. All inputs and outputs TTL compatible 

5. Three-state outputs 

6. Access time (MAX.) : 3.0 //s 

7. Data can be held on +2V supply voltage 

8. Low power supply current at standby mode 
10 M (MAX.) 

9. 2 2- pin dual-in -line package 


■ Pin Connections 


a 3 E 

f \ 

D Vcc 

A2 u 

0 

HI A, 

Ai E 


m R/W 

Ao E 


11 ca 

As E 


m od 

As E 


m ce 2 

A? E 


1 DOi 

GND E 


hi Dii 

DIi GE 


m do 3 

DOi IS 


D di 3 

di 2 EE 


m do 2 


V > 

Top View 


Block Diagram 


Address Input ^ 

Chip Enable Input" 
Read/ Write Input 

Data Input- 

Output Disable 



Memory Array 
32 Rows 
32 Columns 


nr 


Column I/O 
Circuits 


XZ 


Column 

Address 

Decoders 


XT 


Column 

Address 

Buffers 




Address Input 




f Data Output 
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CMOS 1024-Bit Static Random Access Memory 


LH5101S 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage* 

Vcc 

— 0.3 — 1-7.0 

V 

Input voltage* 

VlN 

-0.3~V cc +0.3 

V 

Output voltage* 

VoUT 

-0.3 -Vcc + 0.3 

V 

Operating temperature 

T„„ r 

— 10 — b60 

°C 

Storage temperature 

Istg 

— 55 — h 150 

°C 


*The maximum applicable voltage on any pin with respect to GND. 


I DC Characteristics (v cc — 2.6—3.4V, Ta— — io~+60°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input low voltage 

V, L 


-0.3 


0.6 

V 

Input high voltage 

V,H 


O 

1 

g 

> 


Vcc 

V 

Output low voltage 

O 

> 

I ol =500M 



0.3 

V 

Output high voltage 

VOH 

Ioh — — 30 /^A 

V cc - 0.6 



V 

Input current 

1 Ili 1 

0^V IN ^V C c 



1.0 

M 

Output leakage current 

1 ho 1 

0^V IN ^V cc , CE7 =V C c-0.6 



1.0 

M 

Current consumption 1 

Icci 

Output open, Vjh^Vcc* 
CE^0.6V 


5 

11 

mA 

Current consumption 2 

IcC2 

Output open, V IN =2.2V 
CE^0.6V 


8 

13 

mA 

Chip disabled current 
consumption 

IcCL 

0^V IN ^V cc , CE 2 ^0.2V 



10 

M 


■ AC Characteristics 

(1) Read cycle (V CC =2.6~3.4V, Ta=-10~ + 60‘C) 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Cycle time 

tRC 

3.5 



fxs 

Access time 

tACC 



3.0 


Chip enable time 

tco 



3.0 

MS 

Address enable time 

^AEO 



2.9 

MS 

Output enable time 

toD 



1.3 

MS 

Chip turn-off time 

Idf 

0 


750 

ns 

Data hold time from address 

toHl 

0 



ns 

Data hold time from CEx 

toH2 

toH3 

0 



ns 

Adress enable delay time 

1-AE1 

0.1 



MS 

tAE2 

0.5 



MS 


(2) Write cycle (V C c=2.6~3.4V > Ta=-10~ + 60''C) 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Cycle time 

twc 

3.5 



MS 

Access time 

tAW 

750 



ns 

Chip enable time 1 

tcwi 

2.2 



MS 

Chip enable time 2 

1-AEW 

2.1 



MS 

Data setup time 

tDW 

1.5 



MS 

Data hold time 

1-DH 

370 



ns 

Pulse width 

t W P 

1.5 



MS 

Recovery time 

twR 

180 



ns 

Input enable time 

tDS 

750 



ns 

Address enable delay time 

tAE3 

0.1 



MS 

tAE4 

0.5 
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CMOS 1024-Bit Static Random Access Memory 


LH5101S 


Test conditions of AC characteristics 

• Input voltage amplitude * +0.65 — H2.2V 

• Input rising/falling time 10ns 

• Timing reference level 1.5V 

• Output load condition ITTL+lOOpF 


■ Capacitance , (f=iMHz,Ta=25°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

ClN 

> 

o 

II 

2 

> 


6 

10 

pF 

Output capacitance 

CquT 

! Vout = 0V 


15 

20 

pF 


■ Low-Voltage Data Hold Characteristics (Ta=-io~+60°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage for data hold 

Vdr 

V C e2^0.2V 

2.0 



V 

Supply current for data hold 

Iccdr 

Vce2^0.2V, V dr = 2.0V 



5 

M 

Chip turn-off time 

tcDR 


0 



ns 

Operation recovery time** 

tR 


tRC 



ns 


**In data hold mode, all input/output pins are put below Vdr. tRC : Read cycle time 


■ Timing Diagram 
(1 ) Read cycle 



For data input/output separation, OD is made low. 
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CMOS 1024-Bit Static Random Access Memory 


LH5101S 


(2) Write cycle 



■* twe > 


> 

o 

l 

> 

V ) 

r 



tcwi 

V 




CEi 

AE 

\ 

/ 


u 



^ ^AE4 

r 



\ 

\ 

0D 

in I/O common mode) / 








— t DS — 


tDH 



0 

1 

o 

■\ 

. ___/ 

r~ 

\ 

3 

( 

V 


tAW 


■L- 

r* tDW »> 

1 \v o- 

1 W R 


R/W 

' 

\ t 

/ 



In I/O common mode, OD is made high during the write period. For data input/output separation, OD may be either high or low. 


(3) Low-voltage data hold 



Data hold time a*- 


2.60V “ J 

V 7 

EE 

— 

V DR 

V , H --A- 

AE o.2V a 

^^tcDR— J 



0V 





Address enable (AE) may be high normally, but in 

i this case, the address input level must strictly be below Vil and above 


elusive of noise spikes. Use of AE in such a timing relationship that the AE input is included inside the address input as shown 
in the timing chart is fairly recommended. 
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CMOS 1024-Bit Static Random Access Memory 


LH5101W 


LH5101W CMOS 1024-Bit Static Random Access 


■ Description 

The LH5101W is a fully static RAM organized 
as 256-word-by-4-bit by using silicon-gate CMOS 
process technology. 


■ Features 

1 . 256-word-by-4-bit organization 

2. Single 7 b 5 V power supply 

3. Fully static operation 

4. All inputs and outputs TTL compatible 

5. Three -state outputs 

6 . Access time (MAX.) : 800ns 

7. Data can be held on + 2V supply voltage 

8 . Low power supply current at standby mode 
100 M (MAX.) 

9. 22 -pin dual-in-line package 


■ Pin Connections 


A3 (T 

> 

O 

m Vcc 

A2 \J 

m a 4 

Ai g 


1 R/W 

Ao [T 


m c& 

As {£ 


1 OD 

Ae [iT 


m ce 2 

At [7 


H DO4 

GND |T 


H di 4 

DIi [F 


u] DO3 

DOi (To 


H di 3 

DIi (U 


ID dot 


k J 

Top View 


Block Diagram 


Address Input 

Chip Enable Input ^ 
Read/Write Input ( 
Data Input ^ 

Output Disable 


) V cc 

-*-(8)GND 



V Data Output 


Address Input 
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CMOS 1024-Bit Static Random Access Memory 


LH5101W 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage 

V cc 

— 0.3 — 1-7.0 

V 

Input voltage 

VlN 

-0.3~V cc +0.3 

V 

Output voltage* 

VoUT 

-0.3~V cc +0.3 

V 

Operating temperature 

Toor 

0 — 1-70 

°c 

Storage temperature 

Iks 

— 55 — H150 

°c 


* The maximum applicable voltage on any pin with respect to GND. 

■ DC Characteristics (v cc =5V+io%, Ta=o~+70°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input low voltage 

v IL 


0.3 


0.65 

V 

Input high voltage 

V,H 


2.2 


Vcc 

V 

Output low voltage 

Vql 

I OL =0.2mA 



0.4 

V 

Output high voltage 

VoH 

Ioh = 1.0mA 

2.4 



V 

Input current 

Uul 

0=SV 1N s£V cc 



1.0 

M 

Output leakage current 

1 Ilo 1 

0^V IN ^V cc , CE 1 = 2.2V 



1.0 

M 

Current consumption 1 

Icci 

Output open, V 1N =V CC , 
CE^0.65V 


9 

22 

mA 

Current consumption 2 

IcC2 

Output open, V IN =2.2V, 
CE^0.65V 


13 

27 

mA 

Chip disabled current 
consumption 

IcCL 

0^V in ^V C oCE;^0.2V 



100 

M 


■ AC Characteristics 

(1) Read cycle (V cc =5V + l0%,Ta=0~+70 o C) 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Cycle time 

t|?C 

800 



ns 

Access time 

tACC 



800 

ns 

Chip enable time 1 

tcoi 



800 

ns 

Chip enable time 2 

tc02 



850 

ns 

Output enable time 

toD 



350 

ns 

Chip turn-off time 

Idf 



200 

ns 

Data hold time from address 

toHl 

0 



ns 

Data hold time from CE X 

toH2 

0 



ns 

(2) Write cycle 


(V CC =5V±10%, Ta=0~ 

+70t:) 

' Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Cycle time 

twc 

800 



ns 

Access time 

tAW 

200 



ns 

Chip enable time 1 

tcwi 

600 



ns 

Chip enable time 2 

t C W 2 

600 



ns 

Data setup time 

tDW 

400 



ns 

Data hold time 

tDH 

100 



ns 

Pulse width 

twp 

400 



ns 

Recovery time 

twR 

50 



ns 

Input enable time 

tDS 

200 



ns 


Test conditions of AC characteristics 


• Input voltage amplitude + 0.65 ~ + 2.2V 

• Input rising/falling time 10ns 

• Timing reference level 1.5V 

• Output load condition 1TTL + lOOpF 
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CMOS 1024-Bit Static Random Access Memory 


LH5101W 


■ Capacitance (f=iMHz,Ta=25'C) 


Parameter 

Symbol 

| Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

ClN 

> 

o 

II 

2 

> 


3.5 

6 

pF 

Output capacitance 

CqUT 

i Vout=0V 


LJ 

12 

pF 


■ Low-Voltage Data Hold Characteristics (Ta=o~+70°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. | 

Unit 

Supply voltage for data hold 

Vdr 

V C e2^0.2V 

2.0 



V 

Supply current for data hold 

Iccdr 

V C e2^0.2V, V D r = 2.0V 



5 

M 

Chip turn-off time 

tcDR 


0 



ns 

Operation recovery time** 

tR 


tRC 



ns 


**In data hold mode, all input/output pins are put below Vdr. 
tRc : Read cycle time 
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CMOS 1024-Bit Static Random Access Memory 


LH5101W 


■ Timing Diagram 
(1) Read cycle 



For data input/output separation, OD is mode low, In read cycle, R/W is mode high. 

(2) Write cycle 



twC 


Ao~A7 ^ 

cz i 

(_ 



Us tcwi »J 

1 


CEi 



1 





ce 2 r~ 






OD j 

in I/O common mode) 


L 


tDH 


DIi~DI 4 

:::5 

( 

dL _ 


tAW 

-r Trl 






U R 

rv./ w 

V l\VF 

\ ) 

l 



In I/O common mode, OD is made high during the write period. For data input/output separation, OD may be either high or low. 
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CMOS 2048-Bit Static Random Access Memory 


LH51 02/LH51 02-8 


LH5102LH5102-8 

CMOS 2048-Bit Static Random Access Memory 


■ Description 

The LH5102/LH5 102-8 are fully static RAMs 
organized as 512-word-by-4-bit by using rhetal- 
gate CMOS process technology. 


■ Features 

1. 512-word-by-4-bit organization 

2. Single +5V power supply 

3. Low power consumption 

4. Data can be held on +2V supply voltage 

5. All inputs and outputs TTL compatible 

6. Three-state outputs 

7. Fully static operation 

8. Pin compatible with SHARP LH5101 or Intel 
5101 (except Pin 19) 

9. Access time (MAX.) 

LH5102-8 : 800ns, LH5102 : 1,200ns 

10. 22-pin dual-in-line package 


■ Pin Connections 



\ 
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Top View 
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CMOS 2048-Bit Static Random Access Memory 


LH51 02/LH51 02-8 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage* 

Vcc 

— 0.3 — h 7.0 

V 

Input voltage* 

V,N 

- 0.3 ~ V cc +0.3 

V 

Output voltage* 

VoUT 

-0.3~V cc +0.3 

V 

Operating temperature 

T„ Dr 

0- + 70 

°c 

Storage temperature 

^stg 

-55- + 150 

°c 


* The maximum applicable voltage on any pin with respect to GND. 


■ Recommended Operating Conditions (Ta=o~+70t:) 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vcc 

4.75 

5 

5.25 

V 

Input voltage 

V, L 

-0.3 


0.65 

V 

V IH 

2.2 


Vcc 

V 


I DC Characteristics (V cc =5v±io%, Ta=o~+70°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input low voltage 

V,L 


-0.3 


0.65 

V 

Input high voltage 

V,H 


2.2 


V CC 

V 

Output low voltage 

o 

> 

Iql — 2.0 mA 



0.4 

V 

Output high voltage 

VoH 

Ioh = 1 .0mA 

2.4 



V 

Input current 

Hu 1 

V IN = 0 or Vcc 



7.0 

M 

Output leakage current 

UloI 

CS^0.2V, V O ut=0V or V cc 



1.0 

M 

Current consumption 

Icci 

Output open, V| N =V C c 


3 

22 

mA 

IcC2 

Output open, V IN =2.2V 


13 

27 

mA 

Chip disable current 
consumption 

ICCL 

CS^0.2V 



200 

M 


AC Characteristics 


(Vcc=5V±5%, Ta=0~+70°C) 


Parameter 

Symbol 

| LH5102-8 

| LH5102 

Unit 

| MIN. 

TYP. 

| MAX. 

| MIN. 

| TYP. 

| MAX. 

Read cycle 

Cycle time 

tRC 

900 



1,200 



ns 

Access time 

tACC 



800 



1,200 

ns 

Chip enable time 

tco 



800 



1,200 

ns 

Output enable time 

toD 



400 



500 

ns 

Chip turn-off time 

l-DF 

0 


200 

0 


250 

ns 

Data hold time 

toH 

0 



0 



ns 

Write cycle 

Cycle time 

twc 

900 



1,200 



ns 

Access time 

t AW 

150 



300 



ns 

Data setup time 

l-DW 

-200 



0 



ns 

Data hold time 

l-DH 

70 



100 



ns 

Pulse width 

t W p 

650 



400 



ns 

Recovery time 

twR 

100 



200 



ns 

Input enable time 

t DS 

150 



250 



ns 


Test conditions of AC characteristics 


• Input voltage amplitude +0.65 — H2.2V 

• Input rising/falling time 20ns 

• Timing reference level 1.5V 

• Output load condition 1TTL+ lOOpF 
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CMOS 2048-Bit Static Random Access Memory LH5102/LH5102-8 


■ Low-Voltage Data Hold Characteristics (Ta=o~+70t;) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage for data hold 

Vdr 

Vcs^0.2V 

2.0 



V 

Supply current for data hold 

Iccdr 

V CS ^0.2V, V dr =2.0V 



40 

M A 

Chip turn-off time 

tcDR 


0 


1 

ns 

Operation recovery time** 

tR 


1-RC 


_J 

ns 


**111 data hold mode, all input/output pins are put below Vdr. tRc: Read cycle time. 


■ Capacitance (f=iMHz, Ta=25'C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 



Input capacitance 

Cin 

> 

o 

II 

z 

> 


6 


US 

Output capacitance 

Cqut 

1 Vour = 0V 


lb 


mm 
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CMOS 2048-Bit Static Random Access Memory 


LH5102/LH5102-8 


Electrical Characteristics Curves (Vc< 
Access time vs. supply voltage 


= 5V, Ta=25°C unless otherwise specified) 

Access time vs. ambient temperature 



4.0 4.5 5.0 5.5 6.0 

Supply voltage Vcc (V) 



0 25 50 75 100 

Ambient temperature Ta (°C) 


Current consumption vs. supply voltage 



4.0 4.5 5.0 5.5 6.0 


Supply voltage Vcc (V) 


Current consumption vs. ambient 
temperature 



0 25 50 75 100 


Ambient temperature Ta ("C) 


Input voltage vs. supply voltage 


Input voltage vs. ambient temperature 




Supply voltage Vcc (V) 


Ambient temperature Ta (°C) 
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CMOS 2048-Bit Static Random Access Memory 


LH5102W 


LH5102W 


CMOS 2048-Bit Static Random Access 
Memory 


■ Description 

The LH5102W is a fully static RAM organized 
as 512-word-by-4-bit by using metal-gate CMOS 
process technology. 


■ Features 

1. 512-word-by-4-bit organization 

2. Single +5V power supply 

3. Low power consumption 

4. Data can be held on + 2V supply voltage 

5. All inputs and outputs TTL compatible 

6. Three-state outputs 

7. Fully static operation 

8. Pin compatible with SHARP LH5101 or Intel 
5101 (except Pin- 19) 

9. Access time (MAX.) : 1,200ns 
10. 22-pin dual-in-line package 


Pin Connections 



Block Diagram 


Address Input 


Chip Select Input Q7 


Read/ Write Input 


Data Input 


Output Disable (l 



Data Output 


Address Input 
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CMOS 2048-Bit Static Random Access Memory 


LH5102W 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage* 

Vcc 

— 0.3 — K7.0 

V 

Input voltage* 

V[N 

-0.3~V cc +0.3 

V 

Output voltage * 

V 0 UT 

-0.3~V C c + 0.3 

V 

Operating temperature 

Toor 

-20- + 70 

°c 

Storage temperature 

Zstg 

— 55 — 1-150 

°c 


*The maximum applicable voltage on any pin with respect to GND. 


■ Recommended Operating Conditions 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

V cc 

4.0 

5 

5.5 

V 

Input voltage 

V,L 

-0.3 


0.65 

V 

V,h 

2.2 


Vcc 

V 


■ DC Characteristics (v C c=5v±io%,Ta=-20~+7or:) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input low voltage 

V, L 


-0.3 


0.65 

V 

Input high voltage 

Vih 


2.2 


< 

o 

o 

V 

Output low voltage 

VoL 

I OL = 2.0mA 



0.4 

V 

Output high voltage 

VoH 

Ioh — 1.0mA 

2.4 



V 

Input current 

Ul. 1 

V IN = 0V or Vcc 



7.0 

M 

Output leakage current 

1 Ilo 1 

CS^0.2V, V O ut=0V or V cc 



1.0 

M 

Current consumption 

Icci 

Output open, V IN =V C c 

■ 

3 

22 

mA 

IcC2 

Output open, V IN =2.2V 


13 

27 

mA 

Chip disabled current 
consumption 

IcCL 

CS^0.2V 



200 

M 


■ AC Characteristics (V cc =5V+io%,Ta=-20~-(-70'C) 

Parameter ] Symbol | MIN. | TYP. | MAX. | Unit 


Read cycle 


Cycle time 

Irc 

1.2 



//s 

Access time 

Iacc 



1.2 

M s 

Chip enable time 

tco 



1.2 

/IS 

Output enable time 

toD 



500 

ns 

Chip turn-off time 

Idf 

0 


250 

ns 

Data hold time 

toH 

L 



ns 


Write cycle 


Cycle time 

twc 

1.2 



/IS 

Access time 

Iaw 

300 



ns 

Data setup time 

tow 

0 



ns 

Data hold time 

Idh 

100 



ns 

Pulse width 

t W p 

400 



ns 

Recovery time 

twR 

200 



ns 

Input enable time 

Ids 

250 



ns 


Test conditions of AC characteristics 


• 

a 

Input voltage amplitude 

+0.65- + 2.2V 



w 

a 

Input rising/falling time 

z u ns 

w 

m 

Timing reference level 

Output load condition 

1.0 V 

ITTL-blOOpF 
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CMOS 2048-Bit Static Random Access Memory 


LH5102W 


■ Low-Voltage Data Hold Characteristics (Ta=-20~+70‘C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage for data hold 

Vdr 

Vcs^0.2V 

2.0 



V 

Supply current for data hold 

Iccdr 

V CS ^0.2V, V DR = 2.0V 



40 

M 

Chip turn-off time 

1-CDR 


0 



ns 

Operation recovery time** 

1r 


tRC 



ns 


♦♦In data hold mode, all input/output pins are put below Vdr. tRC : Read cycle time 


■ Capacitance 


(f= 1MHz, Ta=25t ) 


Parameter 

Input capacitance 
Output capacitance 


Symbol 

Qn 

Cqut 


Conditions 

Vin = 0V 

VqUT~QV 


MIN. 


TYP. 

6 _ 

15 


MAX. 

10 

20 





CMOS 2048-Bit Static Random Access Memory 


LH5102W 


■ Timing Diagram 

(1) Read cycle 



1 RC 2s- 


> 

o 

l 

> 

C” 




t0H- 

\j 


cs ~ 









OD (Note 1) 

(in I/O common mode) 

-e— t0D — 5- 

/ 

( 


1 ACC 


D0i~D0 4 

___ _ 

) 

( Valid data 







Note 1 : For data input/output separation, OD is made low. 


(2) Write cycle 



-e twc 3- 


Ao~A 8 ^ 

) 

/ — 

\ 

cs 1 
OD (Note 2) 

(in I/O common mode) j 

DIi~DI 4 


\ 

t \ 

l 


tDH , 

frL- 


c 

pc. 




tpw 





s ; 

R/W 

— ? tAW 2*- 

t 



Note 2 : In I/O common mode, OD is made high during the write period. For data input/output separation, OD may 
be either high or low. 


(3) Low-voltage data hold 
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CMOS 2048-Bit Static Random Access Memory 


LH5102W 


Electrical Characteristics Curves (V CC =5V, Ta= 
Access time vs. supply voltage 



4.0 4.5 5.0 5.5 6.0 

Supply voltage Vcc (V) 

Current consumption vs. supply voltage 



4.0 4.5 5.0 5.5 6.0 

Supply voltage Vcc (V) 

Input voltage vs. supply voltage 



4.0 4.5 5.0 5.5 

Supply voltage Vcc (V) 


6.0 


: 25°C unless otherwise specified) 

Access time vs. ambient temperature 



-20 0 20 40 60 80 100 

Ambient temperature Ta (°C) 

Current consumption vs. ambient 
temperature 



-20 0 20 40 60 80 100 

Ambient temperature Ta (°C) 

Input voltage vs. ambient temperature 

2.5 r 


2.0 


> 

x 

> 


1.5 


S 1.0 




Vjh 













VlL( 

Max.) 
















0.5 

-20 0 20 40 60 80 100 

Ambient temperature Ta (°C) 
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LH2114L-20 


NMOS 4096-Bit Static Random Access Memory 


I UOI 1/11 OA NMOS 4096-Bit Static Random 

!■ n Cm X l^r L™ ^ 1*1 Access Memory 


■ Description 

The LH2114L-20 is a fully static RAM organ- 
ized as 1024-word-by-4-bit by using silicon-gate 
NMOS process technology. 


■ Features 

1. l,024-word-by-4-bit organization 

2. Single +5V power supply 

3. Fully static operation (no refresh or clock re- 
quired) 

4. All inputs and outputs TTL compatible 

5. Three-state outputs. 

6. Access time (MAX.) : 200ns 

7. 18-pin dual-in-line package 


■ Pin Connections 


A 6 (T 

f ^ 

0 

J8jVcC 

A5[T 

u}A? 

a 4 |t 


HJAs 

a 3 [T 


25] Ag 

Ao[T 


h]I/Oi 

AipT 


IHI/O2 

a 2 [7 


U1/O3 

CS|T 


13 i/oi 

GND[T 

L_ J 

13 WE 

Top View 


■ Block Diagram 
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NMOS 4096-Bit Static Random Access Memory 


LH2114L-20 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage* 

Vcc 

— 0.5 — (-7.0 

V 

Input voltage* 

V,N 

-0.5- + 7.0 

V 

Output voltage* 

VoUT 

-0.5- + 7.0 

V 

Operating temperature 

T 

1 opr 

0 — K70 

°C 

Storage temperature 

3^: 

— 55 — f- 150 

°c 


* The maximum applicable voltage on any pin with respect to GND. 


■ DC Characteristics (v cc =5V±io%, Ta=o~+70°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input low voltage 

V,L 




0.8 

V 

Input high voltage 

V IH 


2.0 



V 

Output low voltage 

VoL 

Iol = 2mA 



0.4 

V 

Output high voltage 

VqH 

Ioh — ~ 1mA 

2.4 



V 

Input leakage current 

1 Ili 1 

Vin — 0V or V C c 



10 

//A 

Output leakage current 

1 Ilo 1 

CS = V IH , V I/o = 0.4V or V cc 



10 

M 

Current consumption 

Icc 

V in = 5.5V, I I/o =0mA 



70 

mA 


■ AC Characteristics 


(1) Read cycle (V CC =5V±10%, Ta=0~ + 70°C) 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Cycle time 

tRC 

200 



ns 

Access time 

tACC 



200 

ns 

Chip enable time 

tcE 



80 

ns 

Chip select time 

tcs 

10 



ns 

Output turn-off time 

toF 



70 

ns 

Output hold time 

toH 

20 



ns 


(2) Write cycle (V CC =5V±10%, Ta=0~ + 70°C) 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Cycle time 

twc 

200 



ns 

Access time 

Iaw 

15 



ns 

Pulse width 

twp 

170 



ns 

Recovery time 

twR 

15 



ns 

Data setup time 

+w 

100 



ns 

Output turn-off time 

tDF 



70 

ns 

Data hold time 

t D H 

0 



ns 



Conditions for measurment of AC characteristics 


• Input signal level +0.4 — K2.4V 

• Input signal rise/fall time 10ns 

• Time measurement level 1.5V 

• Output load condition 1TTL+ lOOpF 
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NMOS 4096-Bit Static Random Access Memory 


LH21 14L-20 


■ Pin Capacitance (f=iMH Z ,Ta=25“C) 


Parameter 

Symbol 

| Conditions 

MIN. 

TYP. . 

MAX. 

Unit 

Input capacitance 

Qn 

> 

o 

II 

£ 

> 


2 

5 

pF 

Input/output capacitance 

Ci/o 

1 V 1/O =ov 


4.5 

10 

pF 


■ Timing Diagram 

(1) Read cycle 



(2) Write cycle 
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NMOS 4096-Bit Static Random Access Memory 


'M 


LH2114L-20 


Electrical Characteristics Curves (V CC =5V, Ta= 
Access time vs. supply voltage 



4.0 4.5 5.0 5.5 

Supply voltage Vcc (V) 

Average supply current vs. 
supply voltage 


6.0 



4.0 4.5 5.0 5.5 

Supply voltage Vcc (V) 


6.0 


Input voltage vs. supply voltage 

2.5 1 


2.0 


> 

ac 

> 


1.5 


1.0 


0.5 









V IH 

' 







vTI" 






4.0 4.5 5.0 5.5 6.0 

Supply voltage Vcc (V) 


25°C unless otherwise specified) 

Access time vs. ambient temperature 



0 25 50 75 100 

Ambient temperature Ta (°C) 

Average supply current vs. 
ambient temperature 



Input voltage vs. ambient temperature 

2.5 r 


2.0 


> 

<v 

be 


1.5 


1.0 


0.5 

















Vih 




VlL 


1 




0 25 50 75 100 

Ambient temperature Ta (°C) 
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CMOS 4096-Bit Static Random Access Memory LH5114-4 


LH5 114-4 CMOS 4096-Bit Static Random Recess 


■ Description 

The LH5114-4 is a fully static RAM organized 
as 1024-word-by-4-bit by using silicon-gate 
CMOS process technology. 


■ Features 

1. l,024-word-by-4-bit organization 

2. Single + 5V power supply 

3. Fully static operation 

4. All inputs and outputs TTL compatible 

5. Three-state outputs 

6. Access time (MAX.) : 450ns 

7. Data can be held on +2V supply voltage 

8. Supply current at standby mode 10^A 
(MAX.) on +2V supply voltage 

9. 18-pin dual-in-line package 


■ Pin Connections 



^ 


A 6 [T 

O 

ii Vcc 

As [2 


H a 7 

a 4 u 


H As 

A3 [T 


1 A 9 

Ao |J 


E 1/O1 

Ai |T 


11 1/O2 

A2 [T 


11 1/O3 

CS [T 


E i/o 4 

GND \± 


E WE 


X J 




Top View 


■ Block Diagram 



Address Input 
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CMOS 4096-Bit Static Random Access Memory 


LH5114-4 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage* 

Vcc 

— 0.3 ~ + 7.0 

V 

Input voltage* 

V,N 

-0.3~V cc + 0.3 

V 

Output voltage* 

VoUT 

— 0.3~V cc + 0.3 

V 

Operating temperature 

T 

A opr 

0- + 70 

°c 

Storage temperature 



— 55 — h 150 

°c 


* The maximum applicable voltage on any pin with respect to GND. 


■ Recommended Operating Conditions 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vcc 

4.5 

5 

5.5 

V 

Input voltage 

V,L 

-0.3 


0.65 

V 

ViH 

2.2 


Vcc 

V 

Operating temperature 

Toor 

0 


70 

°c 


■ DC Characteristics (v cc = 5 v±io%,Ta=o~+ 70 °C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input low voltage 

V IL 


-0.3 


0.65 

V 

Input high voltage 

V,H 


2.2 


Vcc 

V 

Output low voltage 

VqL 

Iol~ 2mA 



0.4 

V 

Output high voltage 

VoH 

Ioh = 1mA 

2.4 



V 

Input leakage current 

Uul 

V IN = 0V or Vcc 



1.0 

M 

Output leakage current 

1 Ilo 

CS^V IH , V I/o =0.4V or V cc 



1.0 

M 

Current consumption 

Icc 

CS^ 0.65 V, V IN = Vcc=5.5V 


6 

15 

mA 

Chip disabled current 
consumption 

IcCL 

CS^Vcc, 0^V IN ^V cc 



100 

M 


■ AC Characteristics (V cc =5V±io%, Ta=o~+70°C) 

Parameter | Symbol | MIN. | TYP. | MAX. | Unit 


Read cycle 


Cycle time 

tRC 

450 



ns 

Access time 

tACC 



450 

ns 

Chip enable time 

tco 



500 

ns 

Data hold time 

t0H 

0 



ns 

Chip turn-off time 

^DF 



150 

ns 


Write cycle 


Cycle time 

twc 

450 



ns 

Chip select time 

tew 

400 



ns 

Chip select hold time 

tcH 

20 



ns 

Access time 

tAW 

350 



ns 

Address setup time 

tAS 

100 



ns 

Pulse width 

twp 

250 



ns 

Recovery time 

twR 

70 



ns 

Data setup time 

tDW 

250 



ns 

Data hold time 

tDH 

50 



ns 


Test conditions of AC characteristics 


• Input voltage amplitude +0.65 — P2.2V 

• Input rising/falling time 10ns 

• Timing reference level 1.5V 

• Output load condition ITTL+lOOpF 
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CMOS 4096-Bit Static Random Access Memory 


LH5114-4 


■ Low-Voltage Data Hold Characteristics 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage for data hold . 

VcC(PD) 


2.0 



V 

CS voltage for data hold 

Vcc(cs) 

2.2V^Vcc ( pd)^Vcc 

2.2 



V 

2.0 V ^Vcc(pd)^ 2.2 V 

VcC(PD) 



V 

Supply current for data hold 

IcC(PD) 

Vin=V cc =2.0V 


0.5 

10 

M 

Chip turn-off time 

l-SfPD) 


tRC . 



ns 

Operation recovery time 

tR(PD) 


1-RC 



ns 














CMOS 4096-Bit Static Random Access Memory 


LH5114-4 


I Electrical Characteristics Curves (Vcc = 5V, Ta=25°C unless otherwise specified) 

Access time vs. supply voltage Access time vs. ambient temperature 



4.0 4.5 5.0 5.5 6.0 


Supply voltage Vcc (V) 



0 25 50 75 100 


Ambient temperature Ta (°C) 


Average supply Current vs. 



4.0 4.5 5.0 5.5 6.0 


Supply voltage Vcc (V) 

Input voltage vs. supply voltage 



4.0 4.5 5.0 5.5 6.0 


Average supply current vs. ambient 
temperature 



0 25 50 75 100 


Ambient temperature Ta (°C) 

Input voltage vs. ambient temperature 


2.0 

> 



I 0.5 


0 25 50 75 100 


Supply voltage Vcc (V) 


Ambient temperature Ta (°C) 
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CMOS 4096- Bit Static Random Access Memory LH5104-4 


LH 5 104-4 CMOS 4096-Bit Static Random Access 


■ Description 

The LH5 104-4 is a fully static RAM organized 
as 4,096-word-by-l-bit by using silicon-gate 
CMOS process technology. 


■ Features 

1. 4,096-word-by-l-bit organization 

2. Single + 5V power supply 

3. Fully static operation (no refresh or clock re- 
quired) 

4. All inputs and outputs TTL compatible 

5. Three-state outputs 

6. Access time (MAX.) : 450ns 

7. Data can be held on + 2V supply voltage 

8. Supply current at standby mode 10 //A on 
+ 2V supply voltage (MAX.) 

9. 18-pin dual-in-line package 


■ Pin Connections 



r "" n 


Ao (T 

0 

U Vcc 

Ai Q[ 

13 Ae 

A.2 U 


l A? 

A 3 (T 


ID As 

a 4 U 


B a 9 

As H 


11 A 10 

Dout [T 


ID All ' 

WE U 


B Din 

GND U 

l J 

B CS 

Top View 


■ Block Diagram 
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CMOS 4096-Bit Static Random Access Memory 


LH5104-4 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage* 

Vcc 

— 0.3 — K7.0 

V 

Input voltage* 

Vin 

-0.3~V cc +0.3 

V 

Output voltage* 

VoUT 

-0.3~V cc +0.3 

V 

Operating temperature 

T 

A opr 

0- + 70 

°c 

Storage temperature 

! s t.g 

— 55 — h 150 

°c 


* The maximum applicable voltage on any pin with respect to GND. 


I DC Characteristics (v C c- 5 V±io%, Ta-o~+70°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input low voltage 

V[L 




0.65 

V 

Input high voltage 

V, H 


2.2 



V 

Output low voltage 

VoL 

Iql — 3.2mA 



0.4 

V 

Output high voltage 

VoH 

Ioh — — 1mA 

2.4 



V 

Input leakage current 

Uul 

V, N = 0V or V cc open 



1.0 

M 

Output leakage current 

1 Ilo 1 

CS 11111 Vjfj, Vout == 0.4V or Vcc 



1.0 

M 

Current consumption 

Icc 

CS=V IN , Output open 

Vin = V cc = 5.5V 


7 

15 

mA 

Chip disabled current 
consumption 

IcCL 

CS^Vcc, V IN =0V or V cc 



50 

M 


■ AC Characteristics 

(1) Read cycle (V CC =5V±10%, Ta=0~ + 70°C) 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Cycle time 

tRC 

450 



ns 

Access time 

tACC 



450 

ns 

Chip enable time 1 

tco 



450 

ns 

Data hold time from address 

toH 

30 



ns 

Chip turn-off time 

tDF 



120 

ns 

Output enable time 

toD 

20 



ns 


(2) Write cycle (V cc =5y±io%, Ta=0~+70°C) 


Parameter 

Symbol 

MIN. 

TYP, 

MAX. 

Unit 

Cycle time 

twc 

450 



ns 

Chip select time 

tew 

320 



ns 

Access time 

tAW 

340 



ns 

Address setup time 

tAS 

120 



ns 

Pulse width 

t W P 

200 



ns 

Recovery time 

twR 

90 



ns 

Data setup time 

tDW 

200 



ns 

Data hold time 

tDH 

300 



ns 

Output disable setup time 

twz 



110 

ns 

Output enable setup time 

tow 

0 



ns 


Test conditions of AC characteristics 


• Input voltage amplitude + 0.65 — h 2.2V 

• Input rising/falling time 10ns 

• Timing reference level 1.5V 

• Output load condition 1TTL+ lOOpF 
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CMOS 4096-Bit Static Random Access Memory 


LH5104-4 


■ Capacitance <f=iMH*,Ta=25t) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

Qn 

> 

o 

II 

z 

> 



6 

pF 

Output capacitance 

Cout 

Vout = 0V 



15 

PF 


■ Low-Voltage Data Hold Characteristics (Ta=o~+70°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage for data holding 

VcC(PD) 


2.0 



V 

CS voltage for data hold 

V, 

2.2V ^VcctPD^Vcc 

2.2 



V 

2.0V^V CC (pd)^2.2V 

VcC(PD) 



Supply current for data hold 

IcC(PD) 

V,n = V C c = 2.0V 


0.2 

10 

m a 

Chip turn-off time 

ts(PD). 


tRC 



ns 

Operation recovery time 

tR(PD) 


1-RC 



ns 
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CMOS 4096-Bit Static Random Access Memory 


LH5104-4 


Electrical Characteristics Curves (Vcc— 5V, Ta— 25°C unless otherwise specified) 

Access time vs. supply voltage Access time vs. ambient temperature 


Ta = 70°C 

















4.0 4.5 5.0 5.5 f 

Supply voltage Vcc (V) 

Average supply current vs. supply 
voltage 



4.0 4.5 5.0 5.5 6 

Supply voltage Vcc (V) 

Input voltage vs. supply voltage 









"" 










Vcc— 4.5 > 

I 
















0 25 50 75 ' 10< 

Ambient temperature Ta (°C) 

Average supply current vs. ambient 
temperature 



0 25 50 75 100 

Ambient temperature Ta (°C) 

Input voltage vs. ambient temperature 
2.0 1 1 1 1 1 






’ 

— 


Vih 

^Vi L 










Supply voltage Vcc (V) 


Ambient temperature Ta (°C) 
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CMOS 16384-Bit Static Random Access Memory 


LH511 6-1 5/LH51 16-20 


LH5116-15/LH5116-20 

CMOS 16384-Bit Static Random Access Memory 


■ Description 

The LH51 16-1 5/LH51 16-20 are fully static 
RAMs organized as 2,048-word-by-8-bit by using 
silicon-gate CMOS process technology. 


■ Features 

1. 2,048-word-by-8-bit organization 

2. Single +5V power supply 

3. Fully static operation 

4. All inputs and outputs TTL compatible 

5. Three-state outputs 

6. Access time (MAX.) 

LH5116-15 : 150ns, LH5116-20 : 200ns 

7. Supply current at standby mode 10 //A 
(MAX.) on H- 2 V supply voltage 

8. 24-pin dual-in-line package 


■ Pin Connections 



■ Block Diagram 
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CMOS 16384-Bit Static Random Access Memory LH511 6-1 5/LH51 16-20 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage* 

Vcc 

— 0.3 — 1-7.0 

V 

Input voltage* 

Vin 

-0.3~V cc + 0.3 

V 

Operating temperature 

T„„ r 

0 — 1-70 

°c 

Storage temperature 

Tmz 

— 55 — h 150 

°c 


* The maximum applicable voltage on any pin with respect to GND. 


■ DC Characteristics (v cc =5V±io%, Ta-o~+70°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input low voltage 

v IL 


-0.3 


0.8 

V 


Input high voltage 

Vih 


2.2 


V cc + 0.3 

V 


Output low voltage 

V OL 

I 0 L = 2.1mA 



0.4 

V 


Output high voltage 

VoH 

Ioh — 1.0mA 

2.4 



V 


Input leakage current 

llul 

Vi N =0V, Vcc 



1.0 

M 


Output leakage current 

IIloI 

CS=V,H, V I/o =0V~Vcc 



1.0 

M 


Current consumption 

Icci 

Ii/o = 0mA (OE = V C c) 


15 

30 

mA 

1 

IcC2 

Ii/o — (OE=V ih ) 


25 

40 

mA 

2 

Current consumption 
during standby 

IcCL 

CS = V C c» all other input pins = 

0V— V cc 



10 J 

/'A 



Note 1 : CS = 0V ; all other input pins=Vcc 
Note 2 : CS=Vil ; all other input pins=ViH 


■ AC Characteristics 

(l) Read cycle (V CC =5V+10%, Ta=0 — l-70°C) 


Parameter 

Symbol 

! LH5116-15 

| LH5116-20 

Unit 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Cycle time 

tRC 

150 



200 



ns 

Access time 

t A cc 



150 



200 

ns 

Chip enable time 

tcE 



150 



200 

ns 

Chip select time 

tcs 

15 



20 



ns 

Output enable time 

toE 



75 



100 

ns 

Output select time 

tos 

15 



20 



ns 

Output turn-off time (from CE 2 ) 

1-DF1 

0 


40 

0 


60 

ns 

Output turn-off time (from CEO 

1-DF2 

0 


40 

0 


60 

ns 

Data hold time 

toH 

15 



20 


! 

ns 


(2) Write cycle (V cc =5V±io%,Ta=o~70°C) 


Parameter 

Symbol 

| LH5117-15 ! 

LH5117-20 | 

Unit 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Cycle time 

twc 

150 



200 



ns 

Chip select time 

tew 

110 



135 



ns 

Access time 

1 t A W 

110 



135 



ns 

Address setup time 

t A s 

0 



5 



ns 

Pulse width 

twp 

110 



140 



ns 

Recovery time 

twR 

20 



35 



ns 

Output turn-off time (from OE) 

tDFl 



40 



60 

ns 

Data setup time 

tow 

70 



80 



ns 

Data hold time 

tDH 

10 



10 



ns 

Output turn-off hold time 
(from WE) 

tow 

15 



20 



ns 

Output turn-off time (from OE) 

tDF2 



40 



60 

ns 
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CMOS 16384-Bit Static Random Access Memory 


LH511 6-1 5/LH51 16-20 


Conditions for measurement of AC characteristics 


• Input voltage amplitude +0.8 — H2.2V 

• Input signal rise/fall time 10ns 

• Time measurement level 1.5V 

• Output load condition ITTL+lOOpF 


■ Low Supply Voltage Data Hold Characteristics (V cc =5V+io%,Ta=o~70'C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Data hold supply 
voltage 

Vccdr 

Vcs = Vcc> V IN = 0V or Vcc 

2.0 



V 

Data hold supply 

current 

IcCDR 

V C c=V^=2.0V, 

Vjn^OV oi* Vcc 



10 

M 

CS setup time 

tsDR 


tRC 



ns 

CS hold time 

1-RDR 


tRC 



ns 


■ Capacitance (f=iMHz, Ta=25°C) 


Parameter 

Symbol 

| ^ Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

ClN 

> 

o 

II 

2 

> 



5 

pF 

Input/output capacitance 

Q/o 

! v I/0 =ov I 



8 

pF 


■ Timing Diagram 

(1) Read cycle 
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CMOS 16384-Bit Static Random Access Memory 


LH5116-15 / LH5116-20 


(2) Write cycle (Note 3) 



Note 3 : WE must be high when there is a change in Ao— Aio. 

Note 4 : When CS and WE are all . low at the same time, write occurs during the. period twp. 

Note 5 : twR is the time from the rise of CS or WE, whichever is first, to the end of the write cycle. 

Note 6 : During this period the input/output pin is in an output condition, so input with a phase reversed from 
that of the output is not permitted. 

Note 7 : If CS should drop at the same time as WE or later, the output buffer is maintained at high impedance. 

Note 8 : OE is maintained at “L” level. 

Note 9 : Dout outputs data with the same phase as the input data of this write cycle. 

Note 10 : If CS is low during this period, the input/output pin is in the output condition. During this condition, a 

data input signal with a phase opposite that of the output is not permitted. 


(3) Low supply voltage data hold 
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Input voltage Vih,Vil (V) Average supply current Ice (mA) Access time tACC (Relative value) 


CMOS 16384-Bit Static Random Access Memory 


LH511 6-1 5/LH51 16-20 


I Electrical Characteristics Curves (Vcc— 5V, Ta— 25°C unless otherwise specified) 


Access time vs. supply voltage 



4.0 4.5 5.0 5.5 6.0 

Supply voltage Vcc (V) 


Average supply current 1 vs. 
supply voltage 



4.0 4.5 ' 5.0 5.5 6.0 

Supply voltage Vcc (V) 


Access time vs. ambient temperature 



0 25 50 75 100 

Ambient temperature Ta (°C) 


Average supply current 1 vs. 
ambient temperature 



Ambient temperature Ta (°C) 


Input voltage vs. supply voltage 



0.5 1 1 1 1 1 

4.0 4.5 5.0 5.5 6.0 

Supply voltage Vcc (V) 


Input voltage vs. ambient temperature 



Ambient temperature Ta ('C) 
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CMOS 16384-Bit Static Random Access Memory LH511 7-1 5/LH51 17-20 



LH5117-15/LH51 17-20 

CMOS 16384-Bit Static Random Access Memory 


■ Description 

The LH5117-15/LH5117-20 are fully static 
RAMs organized as 2,048-word-by-8-bit by us- 
ing silicon-gate CMOS process technology. 


■ Features 

1. 2,048-word-by-8-bit organization 

2. Single +5V power supply 

3. Fully static operation 

4. All inputs and outputs TTL compatible 

5. Three-state outputs 

6. Access time (MAX.) 

LH5117-15 : 150ns, LH5117-20 : 200ns 

7. Supply current at standby mode 10 juA (MAX.) 
on + 2V supply voltage 

8. 24-pin dual-in-line package 


■ Block Diagram 



— SHARP — — 
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CMOS 16384-Bit Static Random Access Memory 


LH511 7-1 5/LH51 17-20 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

(V CC = 5V +10%, Ta = 0 — l-70 t C) 

Supply voltage 

V CC 

— 0.3 — 1-7.0 

V 

Input voltage 

V IN 

-0.3~V cc +0.3 

V 

Operating temperature 

T ODr 

0 — H70 

°C 

Storage temperature 

Zstg 

— 55 — h 150 

°c 

■ DC Characteristics 

Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input low voltage 

V, L 


-0.3 


0.8 

V 


Input high voltage 

V, H 


2.2 


Vcc + 0.3 

V 


Output low voltage 

V OL 

Icl = 2.1mA 



0.4 

V 


Output high voltage 

VoH 

Iqh — 1.0mA 

2.4 



V 


Input leakage current 

1 Ili 1 

V 1N =0V~V cc 



1.0 

M 


Output leakage current 

UloI 

CS 2 =V IH , V I/o =0V-Vcc 



1.0 

M A 


Current consumption 

Icci 

Ii/o = 0mA (CEi=V C c) 


15 

30 

mA 

1 

IcC2 

Ii/o = 0 m A (CE 1 =V ih ) 


25 

40 

mA 

2 

Current consumption 
during standby 

IcCL 

CE 2 = Vcc> all other input 
pins = 0V — V C c 



10 

M 



Note 1 : CE 2 = 0V ; all other input pins = Vcc 
Note 2 : CE 2 =Vi l ; all other input pins=ViH 


■ AC Characteristics 

(1) Read cycle (V cc =5V±l0% > Ta=0~ + 70 , C) 


Parameter 

Symbol 

! LH5117-15 

! LH5117-20 

Unit 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Cycle time 

Irc 

150 



200 



ns 

Access time 

Iacc 



150 



200 

ns 

Chip enable time 

tcE 



150 



200 

ns 

Chip select time 

tcs 

15 



20 



ns 

Output enable time 

toE 



75 



100 

ns 

Output select time 

tos 

15 



20 



ns 

Output turn-off time (from CE 2 ) 

Idfi 

0 


40 

0 


60 

ns 

Output turn-off time (from CE t ) 

1-DF2 

0 


40 

0 


60 

ns 

Data hold time 

toH 

15 



20 



ns 


(2) Write cycle (V cc =5V±io%,Ta=o~70t:) 


Parameter 

Symbol 

| LH5117-15 

| LH5117-20 

Unit 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Cycle time 

twc 

150 



200 



ns 

Chip select time 

tew 

110 



135 



• ns 

Access time 

tAW 

110 



135 



ns 

Address setup time 

tAS 

0 



5 



ns 

Pulse width 

twp 

no 



140 



ns 

Recovery time 

twR 

20 



35 



ns 

Output turn-off time (from WE) 

Idf 



40 



60 

ns 

Data setup time 

t DW 

70 



80 



ns 

Data hold time 

tDH 

10 



10 



ns 

Output turn-off hold time 
(from WE) 

tow 

15 



20 



ns 
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CMOS 16384-Bit Static Random Access Memory LH511 7-1 5/LH51 17-20 


Conditions for measurement of AC characteristics 


• 

Input voltage frequency width 

+ 0.8— + 2. 2V 

w 

A 

Input signal rise/fall time 

tuns 

w 

• 

Time measurement level 

Output load conditions 

1TTL+ lOOpF 


■ Low Supply Voltage Data Hold Characteristics (V cc = 5 V+io%,Ta=o~ 70 °C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Data hold supply voltage 

Vccdr 

V ce2 = V cc» V IN =0V or Vcc 

2.0 



V 

Data hold supply voltage 

Iccdr 

V CC =Vce2 = 2.0V, 

V IN =0V or V cc 



10 

M 

CS setup time 

tsDR 


tRC 



ns 

CS hold time 

tRDR 


tRC 



ns 


■ Capacitance (f=iMHz, Ta=25°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitanqe 

Cin 

> 

o 

II 

z 

> 



5 

pF 

Input/output capacitance 

Ci/o 

1 V I/o =0V 



8 

pF 


■ Timing Diagram 


(1 ) Read cycle 










CMOS 16384-Bit Static Random Access Memory 


LH511 7-1 5/LH51 17-20 


'M 


(2) Write cycle (Note 3) i 



Note 3 : WE must be high when there is a change in Ao— Aio. 

Note 4 : When CE 2 , CEi, and WE are all low at the same time, write occurs during the period twp. 

Note 5 : twR is the time from the rise of CE 2 and CEi or WE, whichever is first, to the end of the write cycle. 

Note 6 : During this period the input/output pin is in an output condition, so input with a phase reversed from that of 
the output is not permitted. 

Note 7 : If CE 2 or CEi should drop at the same time as WE or later, the output buffer is maintained at high impedance. 

Note 8 : Dout outputs data with the same phase as the input data of this write cycle. 

Note 9 : If both CEi and CE 2 are low during this period, the input/output pin is in the output condition. 


(3) Low supply voltage data hold 
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Input voltage Vih,Vil (V) Average supply current Ice (mA) Access time tACC (Relative value) 


CMOS 16384-Bit Static Random Access Memory 


LH511 7-1 5/LH51 17-20 


■ Electrical Characteristics Curves (V CC =5V, Ta=25°C unless otherwise specified) 


Access time vs. supply voltage 



4.0 4.5 5.0 5.5 6.0 

Supply voltage Vcc (V) 


Access time vs. ambient temperature 



Ambient temperature Ta (°C) 


Average supply current 1 vs. 
supply voltage 



4.0 4.5 5.0 5.5 6.0 

Supply voltage Vcc (V) 


Average supply current 1 vS. 
ambient temperature 



Ambient temperature Ta (°C) 


Input voltage vs. supply voltage 



4.0 4.5 5.0 5.5 6.0 

Supply voltage Vcc (V) 


Input voltage vs. ambient temperature 










. 



VlH 



"" ■ — 

■ 


1 




0.5 I 1 1 1 1 

0 25 50 75 100 


Ambient temperature Ta (°C) 
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CMOS 16384-Bit Static Random Access Memory 


LH511 8-1 5/LH51 18-20 


LH51 18-15/LH51 18-20 

CMOS 16384-Bit Static Random Access Memory 

■ Description ■ Pin Connections 

The LH5118-15/LH51 18-20 are fully static 
RAMs organized as 2,048-word-by-8-bit by us- 
ing silicon-gate CMOS process technology. 


■ Features 

1. 2,048-word-by-8-bit organization 

2. Single +5V power supply 

3. Fully static operation 

4. All inputs and outputs TTL compatible 

5. Three-state outputs 

6. Access time (MAX.) 

LH5118-15 : 150ns, LH5118-20 : 200n£ 

7. Supply current at standby mode 10 /u A (MAX.) 
on +2V supply voltage 

8. 24-pin dual-in-line package 

■ Block Diagram 
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CMOS 16384-Bit Static Random Access Memory LH5118-15/LH51 18-20 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

(V C c=5V±10% > Ta=0~ + 70'C) 

Supply voltage 

Vcc 

- 0.3 ~ + 7,0 

V 

Input voltage 

v fN 

-0.3~V cc +0.3 

V 

Operating temperature 

Toor 

0- + 70 

°C 

Storage temperature 

: T stg 

— 55 — h 150 

°C 

■ DC Characteristics 

Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input low voltage 

V,L 


-0.3 


0.8 

v" 


Input high voltage 

V IH 


2.2 


V cc +0.3 

V 


Output low voltage 

V OL 

Icl = 2.1mA 



0.4 

V 


Output high voltage 

VoH 

Ioh = 1.0mA 

2.4 



V 


Input leakage current 

liul 

V IN =0V~V cc 



1.0 

M 


Output leakage current 

1 Ilo 1 

CE 2 = V IH or CE 1 = V ih , 
Vi /o =0V~V C c 



1.0 

M 


Current consumption 

Icci 

I I/o =0mA (WE=V CC ) 


15 

30 

mA 

1 

IcC2 

I I/o =0mA (WE=V il ) 


25 

40 

mA 

2 

Current consumption 
during standby 

IcCL 

CE 2 and CE^Vcc, all other 
input pins = 0V— V C c 



10 




Note 1 : CE2 = CEi = 0V ; all other pins=Vcc 
Note 2: CE2=CEi = Vil ; all other pins = ViH 


■ AC Characteristics 

(1) Read cycle (V C c = 5V±10%, Ta=0 — l-70°C) 


Parameter 

Symbol 

LH5118-15 

| LH5118-20 | 

Unit 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Cycle time 

tRC 

150 



200 



ns 

Access time 

tACC 



150 



200 

ns 

Chip enable time 

tcE 



150 



200 

ns 

Chip select time 

tcs 

15 



20 



ns 

Output enable time 

toE 

" 


150 



200 

ns 

Output select time 

tos 

,15 



20 



ns 

Output turn-off time (from CE 2 ) 

tDFl 

0 


40 

0 


60 

ns 

Output turn-off time (from CEO 

tDF2 

0 


40 

0 


60 

ns 

Data hold time(from address) 

toH 

15 



20 



ns 


(2) Write cycle (V CC =5V + 10%, Ta=0~70“C) 


Parameter 

Symbol 

| LH5118-15 i 

LH5118-20 

Unit 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

'MAX. 

Cycle time 

twc 

150 



200 



ns 

Chip select time 

tew 

110 



135 



ns 

Access time 

tAW 

no 



135 



ns 

Address setup time 

tAS 

0 



5 



ns 

Pulse width 

twp 

no 



140 



ns 

Recovery time 

twR 

20 



35 



ns 

Output turn-off time (from WE) 

t 



40 



60 

ns 

Data setup time 

tpw 

70 



80 



ns 

Data hold time 

tDH 

10 



10 



ns 

Output turn-off hold 
time (from WE) 

tow 

15 



20 



ns 
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CMOS 16384-Bit Static Random Access Memory 


LH511 8-1 5/LH51 18-20 


Conditions for measurement of AC characteristics 


• Input voltage amplitude +0.8~ + 2.2V 

• Input signal rise/fall time 10ns 

• Time measurement level 1.5V 

• Output load condition 1TTL+ lOOpF 


■ Low Supply Voltage Data Hold Characteristics (v C c-5V±io%,Ta-o~70' , C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Data hold supply voltage 

Vccdr 

V ce2 =: V co V IN = 0V or V cc 

2.0 



V 

Data hold supply current 

Iccdr 

V cc =Vce2 = 2.0V, 

V IN =0V or V cc 



10 

M 

CS setup time 

tsDR 


1-RC 



ns 

CS hold time 

tRDR 


tRC 



ns 


■ Capacitance (f=iMHz, Ta=25°C) 

Parameter 

Symbol 

Conditions 

MIN. 

, TYP. 

MAX. 

Unit 

Input capacitance 

ClN 

> 

o 

II 

2 

> 



5 

pF 

Input/output capacitance 

Ci/o 

1 V 1/O =ov ! 



8 

pF 


■ Timing Diagram 


(1) Read cycle 










CMOS 16384-Bit Static Random Access Memory 


LH511 8-1 5/LH51 18-20 


(2) Write cycle (Note 3) 



Note 3 : WE must be high when there is a change in Ao— Aio. 

Note 4 : When CE 2 , CEi,and WE are all low at the same time, write occurs during the period twp. 

Note 5 : twR is the time from the rise of CE 2 and CEi or WE, whichever is first, to the end of the write cycle. 

Note 6 : During this period, the input/output pin is in an output condition, so input with a phase reversed from that of 
the output is not permitted. 

Note 7 : If CE 2 or CEi should drop at the same time as WE or later, the output buffer is maintained at high impedance. 

Note 8 : Dout outputs data with the same phase as the input data of this write cycle. 

Note 9 : If both CEi and CE 2 are low during this period, the input/output pin is in the output condition. During 
this condition, a data input signal with a phase opposite that of the output is not permitted. 


(3) Low supply voltage data hold 
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Input voltage Vih,Vil (V) Average supply current 1 Icci (mA) Access time tACC (Relative value) 


CMOS 16384-Bit Static Random Access Memory 


LH511 8-1 5/LH51 18-20 


■ Electrical Characteristics Curves (Vcc = 5V, Ta=25°C unless otherwise specified) 



4.0 4.5 5.0 5.5 6.0 

Supply voltage Vcc (V) 


Access time vs. ambient temperature 



Ambient temperature Ta (°C) 


Average supply current 1 vs. 



4.0 4.5 5.0 5.5 6.0 

Supply voltage Vcc (V) 

Input voltage vs. supply voltage 



0.5 1 1 1 1 1 

4.0 4.5 5.0 5.5 6.0 

Supply voltage Vcc (V) 


Average supply current 1 vs. 



Ambient temperature Ta (°C) 


> 

> 


Input voltage vs. ambient temperature 













VlH 




VlL 










0 25 50 75 100 


Ambient temperature Ta (°C) 
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NMOS 65536-Bit Dynamic Random Access Memory 


LH21 64-1 5/LH21 64-20 


LH2164-15/LH2164-20 

NMOS 65536-Bit Dynamic Random Access Memory 

■ Description ■ Pin Connections 

The LH2164 is a dynamic RAM organized as 
65,5 36-word-by-l -bit by using high-performance 
depletion load, n-channel double-poly silicon-gate 
MOS technology. 


■ Features 

1. 65,536- word-by- 1-bit organization 

2. Access time (MAX.) 

LH2164-15 : 150ns, LH2164-20 : 200ns 

3. Cycle time (MIN.) 

LH2164-15 : 270ns, LH2164-20 : 330ns 

4. Power supply : T-5V=blO% 

5. Power dissipation (MAX.) : 248mW(operation) 

: 28mW(standby) 

6. All inputs and outputs TTL compatible 

7. Address and input date latch capability. 

8. Three-state outputs date controlled by CAS 
and not latched at the end of cycle 

9. Common I/O capability using the early- write 

mode N 

10. Read/modify/ write, page-mode, RAS-only re- 
fresh, and hid den r efresh capabilities 

11. Built-in gated CAS function 

12. Built-in biasing-voltage generator circuit for 
high-output board 

13. 2 ms refresh period, 128 cycle refresh 

14. 16-pin dual-in-line package 
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NMOS 65536-Bit Dynamic Random Access Memory 


LH21 64-1 5/LH21 64-20 


Block Diagram 


Address Inputs 


Write EnableQ} 
Data Input ( 2 )- 


Row Address ( 4 V 
Strobe 


Column Address. 
Strobe 


64 -Sense- 
Amp 

n 

Column 

Decoder 

Cell Array 

64-Sense- 

Amp 

64- Sense- 
Amp 

Cell Array 

Column 

Decoder 

Cell Array 

64- Sense 
Amp 

Row 

Decoder 

5 

Row 

Decoder 

\ 

Row 

Decoder 


Row 

Decoder 

1 / 

64- Sense- 
Amp 

Cell Array 

Column 

Decoder 

Cell Array 

64- Sense- 
Amp 

64 -Sense- 
Amp 

Cell Array 

Column 

Decoder 

Cell Array 

64- Sense- 
Amp 




H 


Data Bus Selecter 


1 


Clock 
Generator 
No. 1 




Write Clock 


Data In Buffers 


<2. 


Data Out 
Buffers 


■(h) Data Output 


Biasing-voltage Generator 
Circuit For High-output 
Board 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 

’C) 

Input voltage 

v IN 

q 

+ 

l 

q 

r-H 

1 

V 

1 

Output voltage 

VoUT 

— 1.0 — b7.0 

V 

1 

Supply voltage 

Vcc 

— 1.0 — H7.0 

V 

1 

Output short-circuit current 

los 

50 

mA 


Current consumption 

Pd 

1.0 

W 


Operating temperature 

To„ r 

0 — (-70 

°c 


Storage temperature 

Xstg 

— 55 b 150 

°c 


Note 1 : Referenced to Vss. 

■ Recommended Operating Conditions (Ta=o~+70 

Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Supply voltage 

Vcc 

4.5 

5.0 

5.5 

V 

2 

Vss 

0 

0 

0 

Input voltage 

v IH 

2.4 


6.5 

V 

2 

V IL 

-2.0 


0.8 


Note 2 : Referenced to Vss. 
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NMOS 65536-Bit Dynamic Random Access Memory LH21 64-1 5/LH21 64-20 


■ DC Characteristics (v cc =5V±io%, Ta=o — t-70°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Average supply current 
during normal operation 

Icci 

RAS, CAS=cycling 
t RC = MIN. 



45 

mA 

3,4 

Average supply current in 
standby mode 

Icc2 

RAS, CAS=V ih 



5 

mA 

3 

Average' supply current 
during RAS only refresh 

Icc3 

RAS = cycling, CAS = V IH 
tRc=MIN. 



35 

mA 

3,4 

Average supply current 
in page mode 

J-CC4 

RAS = Vi H , CAS = cycling 
t PC — MIN. 



35 

mA 

3,4 

Input leakage current 

1 IlL 1 

0V^V in ^6.5V 

Pins other than that 
being measured are 0V 



10 

M 

3,4 

Output leakage current 

1 IOL 1 

0V^V O ut^6.5V 



10 

M A 

3 

Output high voltage 

VoH 

Iout “ 5mA 

2.4 



V 


Output low voltage 

VoL 

IouT = 4.2mA 



0.4 

V 



Note 3 : Output pin in high impedance state 
Note 4 : Icc 1? Icc3, and Icc4 depend on cycle time. 


■ AC Characteristics (Note 5, 6, 7) (v cc =5.ov±ib%, Ta=o~+70°C) 


Parameter 

Symbol 

| LH2164-15 

| LH2164-20 | 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

RAS cycle time 

tRC 

270 


330 


ns 


Read/write cycle time 

Irwc 

300 


375 


ns 


Page mode cycle time 

tpc 

170 


225 


ns 


Access time from RAS 

tRAC 


150 


200 

ns 

8,10 

Access time from CAS 

tcAC 


100 


135 

ns 

9,10 

Output turn off delay 

toFF 

0 

40 

0 

50 

ns 


Rise/fall time 

t T 

3 

35 

3 

50 

v ns 

7 

RAS precharge time 

tRP 

100 


120 


ns 


RAS pulse width 

tRAS 

150 

10,000 

200 

10,000 

ns 


RAS hold time 

Irsh 

100 


135 


ns 


CAS precharge time 

tcp 

60 


80 


ns 


CAS pulse width (page mode) 

tcAS 

100 

10,000 

135 

10,000 

ns 


CAS hold time 

tcSH 

150 


200 


ns 


RAS/CAS delay 

Ircd 

25 

50 

30 

65 

ns 

11,12 

CAS/RAS precharge time 

tcRP 

0 


0 


ns 


Row address setup time 

tASR 

0 


0 


ns 


Row address hold time 

tRAH 

20 


25 


ns 


Column address setup time 

f ASC 

0 


0 


ns 


Column address hold time 

tcAH 

45 


55 


ns 


Column address 

hold time from RAS 

| 

tAR 

95 


120 


ns 


Read command setup time 

Ircs 

0 


0 


ns 


Read command hold time 1 

1-RCH 

0 


0 


ns 

15 

Write command setup time 

Wes 

-10 


-10 


ns 

14 

Write command hold time 

WcH 

45 


55 


ns 


Write command hold 

time from RAS 

Wcr 

95 


120 


ns 


Write command pulse width 

Wp 

45 


55 


ns 


Write command/RAS read time 

1-rwl 

60 


80 


ns 


Write command/CAS read time 

tcWL 

60 


80 


ns 


Data input setup time 

1-DS 

0 


0 


ns 

13 

Data input hold time 

1-DH 

45 


55 


ns 

13 
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NMOS 65536-Bit Dynamic Random Access Memory 


LH21 64-1 5/LH21 64-20 


Parameter 

Symbol 

| LH2164-15 

I LH2164-20 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

Data input hold time from RAS 

tDHR 

95 


120 


ns 


CAS/write command delay 

tcWD 

70 


95 


ns 

14 

RAS/write command delay 

tRWD 

120 


160 


ns 

14 

Read command hold 

time from RAS 

tRRH 

20 


25 


ns 

15 

CAS precharge time 

tcPN 

25 


30 

i 

ns 


Refresh time 

tREF 


2 


2 

ms 



Note 5: For the memory to operate normally, a minimum pause of 500 (x s after the power is turned on and then 
several dummy cycles are necessary. Generally, eight normal refresh cycles should be performed. 

Note 6: Measure AC characteristics when tr=5 ns. 

Note 7: The prescribed input reference levels for timing are Vihomb) and ViL(max). Transition time (tT) is the time 
between Vih and Vil. 

Note 8: When tRCD ^ tRCD(max). When tRCD < tRCD(max), tRAC becomes large by (tRCD — tRCD(max)). 

Note 9: When tRCD = tRCD(max). 

Note 10: Load condition for 2TTL + 100pF. 

Note IT. tRCD(max) is the largest value of tRCD that protects tRAC(max) and is not an operation limit. If tRCD(max) tRCD, 
the access time is controlled by tCAC. 

Note 12: tRCD(min) = t RAH(mi n) + 2tT + tASC(min) 

Note 13: The fall of CAS becomes the reference of tDs and tDH in the early write cycle and WE becomes the 
reference in the read/ write cycle and in the read/modify/write cycle. 

Note 14: twcs, tcwD, and tRWD are not operation limits at the point the operation mode is prescribed. When twcs 
^ twcs(mm), the early write cycle begins and the Dout pin becomes high impedance. 

If tRWD ^ tRWD(mm) when tcwD ^ tcwD(min), the read/write cycle begins and the output data becomes 
information of the selector cell. 

In the case of timing other than that above, output becomes indeterminate. 

Note 15: Operation is guaranteed when either tRCH or tRRH is satisfied. 


■ Capacitance (V cc =5V±io%,f=iMHz > Ta=o~70‘C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

Qni 

a 0 ~a 7 , D in , WE 


* 

5 

pF 

Input capacitance 

ClN2 

RAS, CAS 



6 

pF 

Output capacitance 

Cqut 

Dout 



8 

pF 


■ Timing Diagram 
(1) Read cycle 
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NMOS 65536-Bit Dynamic Random Access Memory 


LH21 64-1 5/LH21 64-20 
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NMOS 65536-Bit Dynamic Random Access Memory LH21 64-1 5/LH21 64-20 


(6) Page mode read cycle 



(7) Page mode write cycle 
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NMOS 65536-Bit Dynamic Random Access Memory 


LH21 64-1 5/LH21 64-20 


I Electrical Characteristics Curves (Vcc=5V, Ta=25°C unless otherwise specified) 

Access time vs. supply voltage Access time vs. ambient temperature 




Supply voltage Vcc (V) 


Ambient temperature Ta (°C) 


Average supply current during page mode i 



4.0 4.5 5.0 5.5 6.0 

Supply voltage Vcc (V) 

Average supply current during standby 



4.0 4.5 5.0 5.5 6.0 


Supply voltage Vcc (V) 


Average supply current during page mode 
vs. ambient temperature 

_ 50 f 


40 


30 


-b < 

a S 


& I 20 


10 


Vcc=5.5V 




















25 50 75 100 

Ambient temperature Ta (°C) 


Average supply current during standby 
vs. ambient temperature 



Ambient temperature Ta (°C) 
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NMOS 65536-Bit Dynamic Random Access Memory LH21 64-1 5/LH21 64-20 


Average supply current during RAS only refresh 



o ' 1 1 1 1 

4.0 4.5 5.0 5.5 6.0 


Supply voltage Vcc (V) 

Average supply current during page mode 



4.0 4.5 5.0 5.5 6.0 

Supply voltage Vcc (V) 


Average supply current during RAS only 
refresh vs. ambient temperature 


co 

< 

Pi 


40 


30 


5 < 20 
° s 


10 


> c 
< © 


Vcc=5.5V 



















0 


25 50 75 100 

Ambient temperature Ta (°C) 

Average supply current during page mode 
vs. ambient temperature 

40 , 


30 


w < 
>? S 


20 


10 


Vcc=5.5V 
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NMOS 65536-Bit Dynamic Random Access Memory 


LH21 64A-1 5/LH21 64A-20 


LH2164A-15/LH2164A-20 

NMOS 65536-Bit Dynamic Random Access Memory 

■ Description 

The LH2164A is a dynamic RAM organized as 
65,5 36-word-by-l -bit by using high-performance 
depletion load, n-channel double-poly silicon-gate 
MOS technology. 


■ Features 

1. 65,5 36-word-by-l -bit organization 

2. Access time (MAX.) 

LH2164A-15 : 150ns, LH2164A-20 : 200ns 

3. Cycle time (MIN.) 

LH2164A-15 : 260ns, LH2164A-20 : 330ns 

4. Power supply : + 5V±10% 

5. Power consumption (MAX.) : 248mW(operation) 

: 28mW(standby) 

6. All inputs and outputs TTL compatible 

7. Address and input data latch capabili ty. 

8. Three-state output data controlled by CAS and 
not latched at the end of cycle 

9. Common I/O capability using the early-write 

mode 

10. Read/modify/write, page-mode, RAS-only re- 
fresh, and hid den r efresh capabilities 

11. Built-in gated CAS function 

12. Built-in biasing- voltage generator circuit for 
high-output board 

13. 2 ms refresh period, 128 cycle refresh . 

14. 16-pin dual-in-line package 


■ Pin Connections 
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LH21 64 A- 1 5/LH21 64A-20 


NMOS 65536-Bit Dynamic Random Access Memory 


Block Diagram 


Address Input 


Write Enable (3^) 
Data Input ( 2 % 


Row Address 
Strobe 


& 


Column Address > 
Strobe 


64- Sense- 
Amp 

B 

Column 

Decoder 

Cell Array 

64- Sense- 
Amp 

64 -Sense- 
Amp 

Cell Array 

Column 

Decoder 

Cell Array 

64-Sense- 

Amp 

Row 

Decoder 

SB 

m 

Row 

Decoder 


Row 

Decoder 


Row 

Decoder 

— \ 

1 / 

64-Sense- 

Amp 

Cell Array 

Column 

Decoder 

Cell Array 

64-Sense- 

Amp 

64-Sense- 

Amp 

Cell Array 
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Decoder 

Cell Array 
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Data Bus Selecter 


1 


Clock 
Generator 
No. 1 


Write Clock 


Data In Buffers 


12 : 


Data Out 
Buffers 


{jyData Output 


Biasing-voltage Generator 
Circuit For High-output 
Board 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 

Input voltage 

v IN 

— 1.0 — H7.0 

V 

1 

Output voltage 

VoUT 

— 1 . 0 — 1 - 7.0 

V 

1 

Supply voltage 

Vcc 

— 1.0 — H7.0 

V 

1 

Output short-circuit current 

los 

50 

mA 


Current consumption 

Pd 

1.0 

W 


Operating temperature 

Topr 

0 — H70 

°C 


Storage temperature 

T st g 

— 55 — 1-150 

°C 



Note 1 : Referenced to Vss. 


■ Recommended Operating Conditions (Ta=o~+70°C) 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Supply voltage 

Vcc 

4.5 

5.0 

5.5 

V 

2 

Vss 

0 

0 

0 

Input voltage 

V,H 

2.4 


6.5 


2 

V,L 

-2.0 


0.8 

V 


Note 2 : Referenced to Vss. 
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NMOS 65536-Bit Dynamic Random Access Memory 


LH21 64 A- 1 5/LH21 64A-20 


■ DC Characteristics (v cc = 5 .ov+ 10 %, Ta=o~+70°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Average supply current 
during normal operation 

Icci 

RAS, CAS=cycling 
t RC =MIN. 



45 

mA 

3,4 

Average supply current 
in standby mode 

Icc2 

RAS, CAS=V ih 



5 

mA 

3 

Average supply current 
during RAS only refresh 

Icc3 

RAS=cycling, CAS = V IH 
t RC = MIN. 



35 

mA 

3,4 

Average supply current in page 
mode 

Icc4 

RAS = V ih , CAS = cycling 
tpc=MIN. 



35 

mA 

3,4 

Input leakage current 

IIilI 

0V^V in ^6.5V 

Pins other than that 
being measured are OV 



10 

M 

3,4 

Output leakage current 

IoL 1 

0V^V OU t^6.5V 



10 

M 

3 

Output high voltage 

VoH 

Iout = 5mA 

2.4 



V 


Output low voltage 

V OL 

Iqut — 4.2 mA 



0.4 

V 



Note 3 : Output pin in high impedance state 
Note 4 : Icci, Icc3, and Icc4 depend on cycle time. 


■ AC Characteristics (Note 5, 6, 7) 

(V CC =5V±10%, Ta=0~ + 70'C) 


Parameter 

Symbol 

| LH2164A-15 

| LH2164A-20 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

RAM cycle time 

Irc 

260 


330 


ns 


Read/write cycle time 

Irwc 

285 


350 


ns 


Page mode cycle time 

tpc 

145 


190 


ns 


Access time from RAS 

tRAC 


150 


200 

ns 

8,10 

Access time from CAS 

tcAC 


75 


100 

ns 

9,10 

Output turn off delay 

toFF 

0 

40 

0 

50 

ns 


Rise/fall time 

t T 

3 

35 

3 

50 

ns 

5 

RAS precharge time 

Irp 

100 


120 


ns 


RAS pulse width 

tRAS 

150 

10,000 

200 

10,000 

ns 


RAS hold time 

f RSH 

75 


100 


ns 


CAS precharge time 

tcp 

60 


80 


ns 


CAS pulse width (page mode) 

tcAS 

75 

10,000 

100 

10,000 

ns 


CAS hold time 

tcSH 

150 


200 


ns 


RAS/CAS delay time 

Ircd 

25 

75 

30 

100 

ns 

11,12 

CAS/RAS precharge time 

tcRP 

0 


0 


ns 


Row address setup time 

1-ASR 

0 


0 


ns 


Row address hold time 

tRAH 

20 


25 


ns 


Column address setup time 

1-ASC 

0 


0 


ns 


Column address hold time 

tcAH 

45 


55 


ns 


Column address hold 

time from RAS 

tAR 

120 


155 


ns 


Read command setup time 

Ircs 

0 


0 


ns 


Read command hold time 

Irch 

0 


0 


ns 

15 

Write command setup time 

twcs 

-5 


-5 


ns 

14 

Write command hold time 

twCH 

45 


55 


ns 


Write command hold 

time from RAS 

twCR 

120 


155 


ns 


Write command pulse width 

twp 

45 


55 


ns 


Write command/RAS read time 

Irwl 

45 


55 


ns 
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NMOS 65536-Bit Dynamic Random Access Memory LH2164A-15/LH2164A-20 


Parameter 

Symbol 

LH2164A-15 

| LH2164A-20 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

Write command/CAS read time 

tcWL 

45 


55 


ns 


Data input setup time 

i-DS 

0 


0 


ns 

13 

Data input hold time 

^DH 

45 


55 


ns 

13 

Data input hold time from RAS 

tDHR 

120 


155 


ns 


Write command delay time 
from CAS 

t C WD 

50 


60 


ns 

14 

Write command delay time 
from RAS 

tRWD , 

125 


160 


ns 

14 

Read command hold time 

from RAS 

tRRH 

20 


25 


ns , 

i 

15 

CAS precharge time 

tcPN 

25 


30 


ns 


Refresh time 

tREF 


2 


2 

ms 



Note 

5: 

Note 

6: 

Note 

7: 

Note 

8: 

Note 

9: 

Note 

10: 

Note 

11: 

Note 

12: 

Note 

13: 

Note 

14: 


Note 15: 


For the memory to operate normally, a minimum pause of 500 (i s after the power is turned on and 
then several dummy cycles are necessary. Generally, eight normal refresh cycles should be per- 
formed. 

Measure AC characteristics when tT=5 ns. 

The prescribed input reference levels for timing are ViH(mm) and Vmmax). Transition time (tr) is the time 
between Vih and Vil. 

When tRCD^tRCD(max). When tRCD<tRCD(max), tRAC becomes large by (tRCD — tRCD(max)). 

When -tRCD = tRCD(max). 

Load condition for 2TTL + lOOpF. 

tRCD(max) is the largest value of tRCD that protects tRAC(max) and is not an operation limit. If tRCD(max)^tRCD, 
the access time is controlled by tcAC. 

tRCD(min) ~ tR AH(min) + 2tT + tASC(min). 

The fall of CAS becomes the reference of tDs and tDH in the early write cycle and WE becomes the 
reference in the read/write cycle and in the read/modify/ write cycle. 

twcs, tcwD, and tRWD are not operation limits at the point the operation mode is prescribed. When twcs 
^twcs(mm), the early write cycle begins and the Dout pin becomes high impedance. 

If tRWD^tRWD(mm) when tcwD^tcwD(mm), the read/write cycle begins and the output data becomes in- 
formation of the selector cell. 

In the case of timing other than that above, output becomes indeterminate. 

Operation is guaranteed when either tRCH or tRRH is satisfied. 


■ Capacitance (Vcc=5v±io%,f=iMHz,Ta=o~+7or) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

Qni 

Aq~A7, Din, WE 



5 

pF 

Input capacitance 

Cin2 

RAS, CAS 



6 

pF 

Output capacitance 

Cout 

Dout 



8 

pF 
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NMOS 65538-Bit Dynamic Random Access Memory 


LH21 64A-1 5/LH21 64A-20 








NMOS 65538-Bit Dynamic Random Access Memory LH2164A-15/LH2164A-20 


(3) Read/write and read/modify/write cycles 



(4) RAS only refresh cycle 



High impedance 

D out 
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NMOS 65536-Bit Dynamic Random Access Memory LH2164A-15/LH2164A-20 


f / / / / / / / / / £ / / / / / / 


(7) Page mode write cycle 



■ Electrical Characteristics Curves 

Access time vs. supply voltage Access time vs. ambient temperature 



Supply voltage Vcc (V) Ambient temperature Ta (°C) 


Average supply current during normal Average supply current during normal 

operation vs. supply voltage operation vs. ambient temperature 



Supply voltage Vcc (V) Ambient temperature Ta (°C) 


— — — — SHARP — — 
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NMOS 65536-Bit Dynamic Random Access Memory 


LH21 64A-1 5/LH21 64A-20 


Average supply current during standby 



4.0 4.5 5.0 5.5 6.0 

Supply voltage Vcc (V) 


Average supply current during standby 
vs. ambient temperature 



Ambient temperature Ta (°C) 


Average supply current during RAS only 



4.0 4.5 5.0 5.5 6.0 

Supply voltage Vcc (V) 

Average supply current during page mode 



4.0 4.5 5.0 5.5 6.0 

Supply voltage Vcc (V) 


Average supply current during RAS only 
refresh vs. ambient temperature 


CO 

< 


o < 

>, S 


40 


30 


20 


10 


Vcc=5.5 V 



















0 25 50 75 100 

Ambient temperature Ta (°C) 

Average supply current during page mode 
ivs. ambient temperature 

40 r 


30 


- H 

a « 


$ S 


< p - 


20 


10 


0 


Vcc=5.5V 



















' 0 25 50 75 100 

Ambient temperature Ta (°C) 
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NMOS 262144-Bit Dynamic Random Access Memory 


LH2464/LH2465 


NEW 

I LIOAC.A /■ LIO/ICC NMOS 262144-Bit Dynamic 
Lrl Ln ^400 Random Access Memory 


■ Description 

The LH2464/LH2465 are dynamic RAMs organ- 
ized as 65,536-word-by-4-bit by using high- 
performance depletion load n-channel double-poly- 
cide silicon-gate MOS technology. 


■ Features 

1. 65,536-word by-4-bit organization 

2. LH2464 : page-mode 
LH2465 : nibble-mode 

3. Access time (MAX.) 

LH2464/5-10 : 100ns 
LH2464/5-12 : 120ns 
LH2464/5-15 : 150ns 

4. Single -f5V power supply 

5. Power consumption (MAX.) : 

467. 5mW (operation) 

27.5 mW (s tand-by) 

6. CAS-before-RAS refresh capabilities 

7. Built-in refresh counter 

8. 4ms refresh period, 256 cycle refresh 

9. 18-pin dual-in-line package 


■ Pin Connections 




1 Vss 

OE E 

0 

I/O, E 

13 1/O4 

1/02 u 


1 CAS 

Wee 


1 I/Os 

ras GE 


HI Ao 

A 6 U 


1 A 1 

A 5 [I 


m a 2 

A 4 H 


m As 

VccGE 


M A 7 



Top View 
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NMOS 262144-Bit Dynamic Random Access Memory 


LH2464/LH2465 



















NMOS 262144-Bit Dynamic Random Access Memory LH21256/LH21257/LH21258 


LH21256/LH21257/LH21258 

NMOS 262144-Bit Dynamic Random Access Memory 


■ Description 

The LH21256/LH21257/LH21258 are dynamic 
RAMs organized as 262,1 44-word-by-l -bit using 
high-performance depletion load n-channel dou- 
ble- polycide silicon-gate MOS technology. 


■ Features 

1. 262,1 44-word-by-l -bit organization 

2. LH21256 : page-mode 
LH21257 : nibble-mode 
LH21258 : byte-mode 

3. Access time (MAX.) 

LH21256/7/8-10 : 100ns 
LH21256/7/8-12 : 120ns 
LH21256/7/8-15 : 150ns 

4. Cycle time (MIN.) 

LH21256/7/8-10 : 200ns 
LH21256/7/8-12 : 230ns 
LH21256/7/8-15 : 260ns 

5. Single + 5 V power supply 

6. All inputs and outputs TTL compatible 

7. Address and input data latch capability 

8. Three^state output data controlled by CAS and 
not latched at the end of cycle 

9. Common I/O capability using the early-write 

mode 

10. Read/modify /write, RAS -only refres h hid den 
refresh capabilites and CAS before RAS re- 
fresh 

11. Built-in refresh counter 

12. 4ms refresh period, 256 cycle refresh 

13. 16-pin dual-in-line package 


■ Pin Connections 


r — ^ 


Ag.U 

0 

m Vss 

Din GE 

H CAS 

WE H 


m dout 

RAS E 


HI Ae 

Aod 


U As 

A 2 [I 


m a 4 

Ai H 


HI As 

Vcc U 


I] A 7 


L ^ 

Top View 
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NMOS 262144-Bit Dynamic Random Access Memory 


LH21 256/LH21 257/LH21 258 
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LSIs for Telephone 



Tone Dialer CMOS LSI 


LR4087 


LR4087 


Tone Dialer CMOS LSI 


■ Description 

. The LR4087 is a monolithic LSI and uses an in- 
expensive crystal reference to provide eight audio 
sinusoidal frequencies Dual-Tone Multi-Frequency 
is obtained by mixing these frequencies. 


■ Features 

1. Low standby current 

2. Auxiliary switching functions on chip 

3. Minimum external parts count 

4. Uses inexpensive 3.579545MHz television color- 
burst crystal 

5. Built-in regulator of dual or single tone ampli- 
tudes 

6. 16-pin dual-in-line package 


■ Pin Connections 


r \ 


Vdd [E 
xmtrU 

o 

16] TONE 
1STI 

COLi E 


14) ROW i 

col 2 E 


13)ROW 2 

col 3 Cl 


I2]R0W 3 

gndDE 
osc,n [l 
oscout Cl 

l J 

niRow 4 

MUTE 

Hcol 4 


Top View 


■ Block Diagram 



Mute 

Output 


Tone 

Output 


XMTR 

Switch 

Single 

Tone 

Inhibit 
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Tone Dialer CMOS LSI 


LR4087 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 

Supply voltage 

Vdd 

10.5 

V 

1 

Operating temperature 

T„ or 

30 — H60 

°c 


Storage temperature 

Tstg 

— 55 — b 150 

°c 


Maximum power consumption 

Pd 

500 

mW 

2 

Maximum pin voltage 

V IN 1 

-0.3 

V 

3 

V,N2 

+ 0.3 

V 

4 


Note 1 : Referenced to GND. 

Note 2: Ta = 25°C 

Note 3 : The maximum applicable voltage on any pin with respect to GND. 
Note 4 : The maximum applicable voltage on any pin with respect to V DD . 


■ Recommended Operating Conditions 


Parameter 

Symbol 

Raiting 

Unit 

Supply voltage 

Vdd 

o 

o 

7 

in 

CO 

V 


■ Electrical Characteristics 


(Ta= — 30 — h60°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

STI input voltage 

ViHl 


0.7 V dd 


V DD 

V 

5 

V IL1 


0.0 


0.3V dd 

V 

COL input voltage 

ViH2 


0.7V dd 


V D d 

V 

6 

ViL2 


0.0 


0.1 V dd 

V 

ROW input voltage 

V IH3 


0.9V dd 


Vdd 

V 

7 

ViL3 


0.0 


0.3 V dd 

V 

Output voltage 

ROW TONE 

V 0 R 

R L =lkH 

317 

400 

504 

m V rms 

8 

COL TONE 

V OC 

396 

500 

630 

mV rms 

TONE output resistance 

R L1 

V dd = 3.5V 


620 


n 


Rl2 

V dd =10.0V 


330 


n 

XMTR output current, 
no key input 

Iqhxi 

V dd =3.5V, V 0 hx = 2.5V 

-15 

-25 


mA 

10 

I<DHX2 

Vdd=10.0V, V O hx = 8.0V 

-50 

-100 


mA 

XMTR output current, 
in key input 

IxLEAK 

Vdd=10.0V, V O ut = 0V 


0.1 

10.0 

M 

10 

MUTE output current, 
no key input 

loLl 

Vdd~3.5V, V O l=0.5V 

0.5 

2.0 


mA 

11 

IoL2 

V dd =1 0.0 V, V OL =0.5V 

1.0 

4.0 


mA 

MUTE output current, 
in key input 

loHl 

Vdd=3.5V, V O h = 3.0V 

0.5 

2.0 


mA 

11 

IoH2 

Vdd=10.0V, V 0 h=9.5V 

1.0 

4.0 


mA 

Standby current 

IsBl 

V D d=3.5V 


0.25 

100 

m a 

9 

IsB2 

Vdd^IO.OV 


0.5 

200 

H A 

Operating current 

Iopi 

V dd =3.5V 


1.0 

2.0 

mA 

9,13 

IoP2 

Vdd=10.0V 


5.0 

10.0 

mA 

Input resistance 

Rin 


20 


100 

kfi 

5,8 

Tone output (no key input) 





-80 

dBm 


Output rise time 

t r 



3.0 

5.0 

ms 

12,13 

Pre-emphasis 



1.0 

2.0 

3.0 

dB 

14 

Tone output distortion 


V dd ^4.0V 



-20 

dB 

15 


Note 5 
Note 6 
Note 7 
Note 8 
Note 9 
Note 10 


Applies to STI pin. 

Note 11 : 

Applies COL input pin 

Note 12 : 

Applies ROW input pin 

Note 13 : 

Ta=25°C 


All output pins open 

Note 14 : 

Applies to XMTR output pins 

Note 15 : 


Applies to MUTE output pin. 

Rise time for tone output to reach 90% of maximum amplitude after key input. 
Characteristics of crystal resonator used. Rs=100O, Lm = 96rnH, CM = 0.02pF, 

Ch = 5pF, F=3.579545MHz 

Level ratio of high group tone to low group tone. 

Unnecessary frequency components against total power of basic tone signal of ROW 
and COL. 
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Tone Dialer CMOS LSI 


LR4089 


LR4089 


Tone Dialer CMOS LSI 


■ Description 

The LR4089 is a monolithic LSI and uses an in- 
expensive crystal reference to provide eight audio 
sinusoidal frequencies. Dual-Tone Multi-Fre- 
quency is obtained by mixing these frequencies. 


■ Features 

1. Minimum external parts count 

2. Divider, R-2R resistive ladder, CMOS opera- 
tional amplifier on chip 

3. High- accuracy tone out 

4. Uses inexpensive 3.579545MHz television color- 
burst crystal 

5. Single tone output 

6. CD inhibits tone generation 

7. 16-pin dual-in-line package 


■ Pin Connections 



r 


Vdd [I 

o 

lUTONE 

CD U 


lUSTI 

COL! E 


iiirow, 

COL 2 E 


LHROW2 

col 3 E 


53row 3 

GND E 


53 row 4 

OSCinE 


IDakd 

OSCout E 


Hcol 4 


^ J 




Top View 


■ Block Diagram 


Row Input 

" s Vdd 



Column Input 
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Tone Dialer CMOS LSI 


LR4089 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 

Supply voltage 

Vdd 

10.5 

V 

1 

Operating temperature 

T oor 

-30- + 60 

°c 


Storage temperature 

Tsts 

— 55 — FI 50 

°c 


Maximum power consumption 

Pd 

500 

mW 

2 

Maximum pin voltage 

v IN1 

-0.3 

V 

3 

V, N2 

+ 0.3 

V 

4 


Note 1 : Referenced to GND. 

Note 2 : Ta=25°C 

Note 3 : The maximum applicable voltage on any pin with respect to GND. 
Note 4 : The maximum applicable voltage on any pin with respect to V DD . 


■ Recommended Operating Conditions 


Parameter 

Symbol 

Rating 

Unit 

Supply voltage 

Vdd 

CO 

© 

1 

o 

b 

V 


■ Electrical Characteristics 


(Ta=-30~ + 60°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input low voltage 

V, NL 


GND 


0.3V dd 

V 

5 

Input high voltage 

Vinh 


0.7 Vdd 


Vdd 

V 

5 

Input resistance 

Ri 

Ta=25t 

20 


100 

kO 

6 

TONE DISABLE input voltage 

Vintd 


GND 


0.3V dd 

V 


TONE output level 

VoUT 

V DD = 3.4 ~ 3.6V, R L =100kn 

-10 


-7.0 

dBm 

7,15 

Pre-emphasis 



2.4 

2.7 

3.0 

dB 

8 

TONE output distortion 


V DD = 3.4 1 0.0 V 



-20 

dB 

9 

Output rise time 

t r 



2.8 

5.0 

ms 

10,11 

AKD output sink current 

Iakd on 

Vout=0.5V 

500 



HA 

12 

AKD output off current 

I AKD OFF 

Vout=5.0V 



2 

M A 

12 

Supply current 

In operation 

Iop 

V dd =3.5V 



2.0 

mA 

13 

In standby 

IsB 

v DD — io.ov 



200 

fJL A 

14 

Tone input level (no key input) 





-80 

dBm 



Note 

5 

Note 

6 

Note 

7 

Note 

8 

Note 

9 

Note 

10 

Note 

11 

Note 

12 

Note 

13 

Note 

14 

Note 

15 


Applies to ROW and COL input pins. 

Applies to STI and CD input pins. 

Applies to low group single tone signal. 

Level radio of high group tone signal to low group tone signal. 

Unnecessary frequency component against basic tone signal total power (RMS) of ROW and COL. 

Rise time for tone output to reach 90% of maximum amplitude after key input. 

Characteristics of crystal resonator used. Rs= 100f2, Lm = 96rnH, CM=0.02pF, Ch = 5pF, F= 3. 579545MHz. 
ARD output means N-channel ope n drain output. 

In single key input, C D = “ 1 ”, STI=“0” 

In stand-by, CO=“l”, STI = “0” 

OdBm=0.775V 
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Tone Dialer CMOS LSI 


LR4091 


LR4091 Tone Dialer CMOS LSI 

■ Description ■ Pin Connections 

The LR4091 is a monolithic LSI and uses an in- 
expensive crystal reference to provide eight audio 
sinusoidal frequencies. Dual-Tone Multi-Fre- 
quency is obtained by mixing these frequencies. 


■ Features 

1. CEPT Compatible 

2. High accuracy tone output 

3. Divider, resistive ladder network, CMOS oper- 
ational amplifier, and bipolar transistor on 
chip 

4. Uses 3. 579545MHz crystal 

5. Single tone output 

6. Uses either 2-of-8 keyboard or single contact 
keyboard 

7. Low standby current 

8. 18-pin dual-in-line package 



r N 


OPoUT U 

o 

SO BIPout 

Vdd 


SIbip 1n 

CD (I 


IHstI 

COL] E 


11 ROW] 

col 2 II 


Erow 2 

COLs II 


Hrow 3 

GND I 

' 

Hrow 4 

OSC,N II 


Hard 

OSCout I 


Jcol 4 


k J 



Top View 


Block Diagram 


Oscillation 

Output 

Oscillation 

Input 
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Tone Dialer CMOS LSI 


LR4091 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 

Supply voltage 

Vdd 

10.2 


1 

Operating temperature 

T„„ r 

-30-4-60 

"C 


Storage temperature 

Tstg 

— 55 — h 150 

°c 


Maximum power consumption 

P D 

500 

mW 

2 

Maximum pin voltage 

v IN1 

-0.3 

V 

3 

V IN2 

4-0.3 

V 

4 


Note 1 : Referenced to GND. 

Note 2: Ta=20°C 

Note 3 : The maximum applicable voltage on any pin with respect to GND. 
Note 4 : The maximum applicable voltage on any pin with respect to V DD . 


■ Recommended Operating Conditions 


Parameter 

Symbol 

I Rating 

Unit 

Supply voltage 

Vdd 

CO 

0 

0 

b 

V 


■ Electrical Characteristics (Ta=-30~+60' > C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Supply voltage 

In operating 

Vdd 

When tone signal is output 

3.0 


10.0 

V 


In stand-by 

Vdd 

CD — 0 

2.0 


10.0 

V 

5 

COL input voltage 

V,H1 


0.7V dd 


Vdd 

V 

6 

V,L1 

1 

0.0 


0.3 

V 

ROW input voltage 

V,H2 


V DD ”0.3 


Vdd 

V 

7 

VlL2 


0.0 


0.3 V dd 

V 

Input voltage 

V,„ 3 


0.7 V DD 


Vdd 

V 

8 

V 1L3 


0.0 


0.3V dd 

V 

Input resistance 

Ri 

Ta=25°C 

20 


100 

kfl 

'8 

Tone output level 

VoUT 

V D d= 3.4 -3.6V 

-io.a 

-8.5 

-7.0 

dBm 

9,17 

Pre-emphasis 
(high-group tone signal) 


No filter 

1.0 

2.0 

3.0 

dB 

10,17 

Tone output distortion 


V DD =3.4~10.0V 



-20 

dB 

11,17 

Output rise time 

t r 




5 

ms 

12 

AKD output source current 

Iakd on 

V dd =3.5V 

V akd =3.0V 

500 



M 

13 

AKD output off current 

Iakd off 

V DD = 10.0V 

v akd =ov 



10 

M 


Supply current 

In operation 

Iop 

V D d=3.5V 


1.0 

2.0 

mA 

14 

In operation 

lop 

V dd =10.0V 


5.0 


mA 


In stand-by 

IsB 

V dd =10.0V 


1.0 

200 

M 

15 

Tone output (no key input) 





-80 

dBm 


OP amplifier output resistance 




10 


kn 

16 

OP amplifier output current 


V dd =3.0V 

250 



M 

16 


Note 5 : Voltage to which AKD output responds by key input. 

Note 6 : Applies to COL i nput pins ( COL1- 4). 

Note 7 : Applies to ROW in put pins (ROW1-4). 

Note 8 : Applies to CD and STI input pins. 

Note 9 : Applies to low-group single tone signal. 

Note 10 : Level ratio of high-group tone signal to low-group tone signal. 

Note 1 1 : Unnecessary frequency component against basic tone signal total power (RMS) of ROW and COL. 

Note 12 : Rise time for tone output reach 90% of maximum amplitude after key input. 

Crystal reasonators used are as follows : 

R 5 =100n, Lm = 96mH ,C M =0.02pF, Ch=5pF, F = 3.579545MHz 
Note 13 : AKD output is P-channel open drain output. 

Note 14 : Crystal resonator is u sed as indicated in Note 12 when single key is pressed (pin 6). 

Note 15 : In stand-by, CD=“0”, STI = “1” 

Note 16 : OP amplifier output resistance is determined by capacity of pin 1. The 10 kO shown in the test circuit is used in a standard 
filter circuit. When the capacity of pin 1 is too large, it is necessary to reduce the resistance. 

Note 17 : Rl (Pin 18)=620O : Vdd=3.4-5V 

300 H : Vdd= 7.5V or more 
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Tone Dialer CMOS LSI 


LR4092 


LR4092 Tone Dialer CMOS LSI 


■ Description 

The LR4092 is a monolithic LSI and uses an in- 
expensive crystal reference to provide eight audio 
sinusoidal frequencies. Dual-Tone Multi-Fre- 
quency is obtained by mixing these frequencies. 


■ Features 

1. Internal regulation of tone amplitudes 

2. Internal loop compensation and pre-emphasis 

3. Tone frequencies within 0.65% for 12 stand- 
ard frequencies 

4. Uses inexpensive 3.579545MHz television color- 
burst crystal 

5. Tone-disable capability 

6. Mute output for electronic switching 

7. Uses either 2 -of-8 keyboard or single contact 
keyboard 

8. Single-tone capability 

9. 16-pin dual-in-line package 


■ Pin Connections 


Vdd E 

r \ 

O 

INTONE 

CD E 

1STI 

COL, E 


14] ROW i 

COLz [I 


uy row 2 

col 3 OE 


iUROWs 

GND (1 


11 ROW, 

OSCinE 


To] MUTE 

OSCqut E 


U COL, 


v J 


Top View 


■ Block Diagram 



Mute 

Output 


Tone 

Output 

Chip 

Disable 

Single 

Tone 

Inhibit 
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Tone Dialer CMOS LSI 


LR4092 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 

Supply voltage 

Vdd 

+ 10.5 

V 

1 

Operating temperature 

T„„ r 

0- + 60 

x: 


Storage temperature 

TstK 

— 35 — H85 

°c 


Maximum power consumption 

Pd 

500 

mW 

2 

Maximum pin voltage 

VlNl 

-0.3 

V 

3 

V IN2 

+ 0.3 

V 

4 


Note 1 : Referenced to GND. 

Note 2 : Ta=25U 

Note 3 : The maximum applicable voltage on any pin with respect to GND. 

Note 4 : The maximum applicable voltage on any pin with respect to V DD . 


■ Electrical Characteristics (Ta=o~+60ti) 


Parameter 

| Symbol 

| Conditions 

| MIN. 

| TYP. 

| MAX. 

| Unit 

Supply voltage 

Tel Loop in Operation 

V DD a 


3.5 


10.0 

V 

Power Supply in Operation 

VoDb 


3.8 


10.0 

V 

Stand-by 

V s 

CD=GND 

3.0 


10.0 

V 

CD, STI input voltage 

logic “1” 

V,H 


0.7 V DD 


Vdd 

V 

logic “0” 

V,L 


0.0 


0.3V dd 

V 

COL input voltage 

logic “1” 

V.HC 


0.7V dd 


Vdd 

V 

logic “0” 

VlLC 


0.0 


0.1 V DD 

V 

ROW input voltage 

logic “1” 

V,HR 


0.9 V DD 

I 

Vdd 

V 

logic “0” 

v, LR 


0.0 


0.3 Vdd 

V 

Input resistance 

ROW 

Rri 

Ta=25'C 

i 

15 


kO 

COL 

Rci 

Ta=25'C 


15 


kn 

CD, STI 


Ta=25'C 

20 

60 

125 

kCl 
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Tone Dialer CMOS LSI 


LR4092 
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Pulse Dialer CMOS LSI 


LR40981 A 


LR40981A 


Pulse Dialer CMOS LSI 


■ Description 

The LR40981A is a monolithic CMOS LSI which 
uses a ceramic resonator and provides the features 
required for a pulse dialer with redial. 


■ Features 

1. Direct telephone-line operation 

2. Uses 2 -of- 7 matrix keyboard 

3. CMOS process for low-power operation 

4. 2.5—6.0V power supply 

5. Make/Break ratio pin-selectable 

6. Ceramic resonator used as frequency reference 

7. Redial with# or * 

8. MUTE output for electronic switching 

9. 16-pin dual-in-line package 


Pin Connections 


Vdd [T 

r \ 

o 

IMPULSE 

Vref [ 2 . 

HHKS/T 

COL, |T 


IllROWi 

col 2 |T 


n)Row 2 

col 3 GE 


UrOWs 

GND GE 


h]ROW4 

OSCmE 


10|MUTE 

OSCqut Gl 


Um/b 


Top View 


■ Block Diagram 



Oscillation Oscillation Make/Break Hook Switch/Test 
Input Output Ratio Select 
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Pulse Dialer CMOS LSI 


LR40981 A 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 

Supply voltage 

Vdd 

-0.3- + 6.2 

V 

1 

Operating temperature 

T opr 

— 30 — h60 

°c 


Storage temperature 

T st „ 

— 55 — P 150 

°c 


Maximum power consumption 

P D 

500 

mW 

2 

Maximum pin voltage 

Vj N1 

-0.3 

V 

3 

V IN2 

+0.3 

V 

4 


Note 1 : Referenced to GND. 

Note 2 : Ta=25°C 

Note 3 : The maximum applicable voltage on any pin with respect to GND. 

Note 4 : The maximum applicable voltage on any pin with respect to V DD . 


■ Recommended Operating Conditions 


Parameter 

Symbol 

Specified value 

Unit 

Supply voltage 

Vdd 

2.5 ~6.0 

V 


■ Electrical Characteristics (Ta=-30~+60°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Key contact resistance 

Rki 




1 

kn 


Key board capacity 

Gki 

i 



30 

pF 


Input voltage 

K,h 

2-of-7 input mode 

0.8 V dd 


Vdd 

V 

5 

K, l 

GND 


0.2V dd 

V 

5 

Key pull-up resistance 

Kiru 

V dd = 6.0V, V IN = 4.8V 


100 


kn 


Key pull-down resistance 

Kird 


4 


kn 


MUTE sink current 

Im 

V DD =2.5V, V OU t=0.5V 

500 



M 

6 

Pulse output sink current 

Ip 

V DD = 2.5V, V OU t = 0.5V 

1.0 



mA 

7 

(Vdd~Vrff) value 

Vref 

^SUPPLY = 1 50 fj . A 

1.5 

2.5 

3.5 

V 

8 

Memory hold current 

Imr 

All outputs in no-load state 


0.7 


M 


Operating current 

Iop 

All outputs in no-load state 


100 

150 

M 


MUTE, PULSE 

Output off current 

Ilkg 

V dd =6.0V, V OU t=6.0V 

! 


0.001 

1 


6,7 


Note 5 : Applies to key inp ut pins (RDWi~ 4 , COLi~ 3 ) 
Note 6 : Applies to MUTE output pin. 

Note 7 : Applies to PULSE output pin. 

Note 8 : Applies to Vref pin. 
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Pulse Dialer CMOS LSI LR40981A 


■ Timing Diagram 



■ Test Circuit 


Power supply 


+ 

V 


|Keyboard< - 


HUY 

480kHz I 


flOOpF 


LR4098 1 A 


LlOOpF 


15kfi 

— vw- 


OFF 

HOOKl 


15 




,14 


.13 


12 f Keyboard 


.11 


10 


67 % break 




61% break 


^30kQ 


SHARP 


746 





Pulse Dialer CMOS LSI 


LR40981 A 


System Configuration 



ll 


Qi,Q 3 : 2N5550 
Q 2 ,Q 4 : 2N5401 
Qs : 2N6661 
D!,D 2 : 1N914 

Ci * 20^ F (low leakage product) 
C 2 ,C 3 : 100pF±20% 


Ri : 2.7kO 
r 2 : 75ka 
R 3 : 22MO 
R 4 : 390kO 

r 5 : iMa 

Re : 1500 
R 7 : lOOkO 


-SHARP 




Pulse Dialer CMOS LSI 


LR40982 


LR40982 


Pulse Dialer CMOS LSI 


■ Description 

The LR40982 is a monolithic CMOS LSI which 
uses a ceramic resonator and provides the features 
required for a pulse dialer with redial. 


■ Features 

1. Direct telephone-line operation 

2. Uses 2-of-7 matrix keyboard 

3. CMOS process for low-power operation 

4. 2.5 ~ 6.0V power supply 

5. Make/Break ratio pin-selectable 

6. Ceramic resonator used as frequency reference 

7. Redial with # or * 

8. MUTE output for electronic switching 

9. 16-pin dual-in-line package 


■ Pin Connections 


r >> 


Vdd [T 

o 

ID PULSE 

Vref (T 

HIhKS/T 

COLi (T 


3 ROW, 

COL 2 [7 


3 ROW 2 

COLsE 


11 ROW 3 

gndE 


3row 4 

OSCin f T 


10) MUTE 

OSCout E 

J 

Hm/b 


Top View 


■ Block Diagram 



Vdd 

GND 


Pulse 

Output 

Mute 

Output 


Oscillation Oscillation Make/Break Hook Switch/Test 
Input Output Ratio Select 
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Pulse Dialer CMOS LSI 


LR40982 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 

Supply voltage 

Vdd 

— 0.3 — 1- 6.2 

V 

1 

Operating temperature 

T„ Dr 

— 30 — h 60 

°C 


Storage temperature 

TstK 

— 55 — hl50 

°C 


Maximum power consumption 

Pd 

500 

mW 

2 

Maximum pin voltage 

V,N1 

-0.3 

V 

3 

VlN2 

+ 0.3 

V 

4 


Note 1 : Referenced to GND. 

Note 2 : Ta=25°C. 

Note 3 : The maximum applicable voltage on any pin with respect to GND. 

Note 4 : The maximum applicable voltage on any pin with respect to V DD . 


■ Recommended Operating Conditions 


Parameter 

Symbol 

Specified value 

Unit 

Supply voltage 

Vdd 

q 

\ 

LO 

V ■ 


■ Electrical Characteristics (Ta=-30~+6<rc) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Key contact resistance 

Rki 




1 

kn 


Key board capacity 

Cki 




30 

pF 


Input voltage 

k ih 

2-of-7 input mode 

0.8 V dd 


Vdd 

V 

5 

Kil 

GND 


0.2V dd 

V 

5 

Key pull-up registance 

Kiru 

V dd = 6.0V, V in = 4.8V 


100 


kn 


Key pull-down resistance 

Kird 


4 


kf2 


MUTE sink current 

Im 

Vdd = 2.5V, Vout — 0-5V 

500 



M 

6 

Pulse output sink current 

Ip 

V dd =2.5V, V O ut = 0.5V 

1.0 



mA 

7 

(Vdd _ V rff ) value 

v REF 

Isupply = 1 50 flh 

1.5 

2.5 

3.5 

V 

8 

Memory hold current 

Imr 

All outputs in no-load state 


0.7 


M 


Operating current 

Iop 



100 

150 

M 


MUTE, PULSE 

Output off current 

Ilkg 

V dd = 6.0V, V O ut = 6.0V 


0.001 

1 


6,7 


Note 5 : Applies to key inp ut pins (RDWi 4, COL 1 - 3 ). 
Note 6 : Applies to MUTE output pin. 

Note 7 : Applies to PULSE output pin. 

Note 8 : Applies to Vref pin. 
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Pulse Dialer CMOS LSI 


LR40982 


Timing Diagram 



■ Test Circuit 


Power supply 

— + 

V V 



>30kfl 
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Pulse Dialer CMOS LSI 


LR40982 


System Configuration 


tip>Hac +1 


RING AC 


Telephone line 


1 

2 

3 

4 

5 

6 

7 

8 

9 

* 

_0_ 



A type keyboard— 


, — —ON-HOOK I 

JL OND Y 

v 2 PULSE 16 Ts 
Hr Vref Q 3 

i COL! 

i COL 2 

^ COL 3 

LR 40982 
1 — ROW, 

r — — row 2 

) 12 ROW 3 

\ 11 row 4 mute [ 10 __ Y 

, , OSCin OSCout 

iyboard 1 1 rj— 

HDhceramic 

480 sound 
kHz resonator 

C 2 -r -r C 3 


A W 


Type 500 Speech network 


Qi,Q 3 ,Q 4 =2N5550 Ri=8kO 

Q 5 ,Q 6 = 2N5401 R 2 = 500kn 

Q 2 =2N3822 R 3 = 22Mfl 

Di = lN914 R 4 ,R 5 =390kO 

Ci = 20y«F(low leakage product) R 6 ,R 9 = 100kn 

C 2 ,C 3 = 1 OOpF ± 20 % R 7 , R 8 = 3kO 
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Pulse; Dialer CMOS LSI 


LR40991 


LR40991 


Pulse Dialer CMOS LSI 


■ Description 

The LR40991 is a monolithic CMOS LSI which 
uses a CR oscillator and provides the features- re- 
quired for a pulse dialer with redial. 


■ Features 

1. Direct telephone-line operation 

2. Uses 2-of-7 matrix keyboard 

3. CMOS process for low-power operation 

4. 2.5 — 6.0V power supply 

5. Make/Break ratio pin-selectable 

6. 20/10 pps pin-selectable 

7. Redial with # or * 

8. MUTE output for electronic switching 

9. CR oscillator 

10. 18-pin dual-in-line package 


■ Pin Connections 



r x 


VddII 
V refQE 

o 

IMPULSE 
I?) HKS/T 

COLiGE 


UROWi 

col 2 E 


1 ROW 2 

COLsH 


m row 3 

GNDQT 


H row 4 

CRi[T 


m MUTE 

CR 2 |T 


TT] M/B 

cr 3 [][ 

V J 

ig 20/10 


Top View 


Block Diagram 


CRi CR 2 CR 3 


Make/Break 
Ratio Select 


Hook Switch/Test 



! Pulse 
Output 

Mute 

Output 


pps 

Select 
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Pulse Dialer CMOS LSI 


LR40991 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 

Supply voltage 

Vdd 

— 0.3 — f- 6.2 

V 

1 

Operating temperature 

T„ Dr 

— 30 — L60 

°C 


Storage temperature 

TstK 

— 55 — P 150 

°C 


Maximum power consumption 

Pd 

500 

mW 

2 

Maximum pin voltage 

V IN i 

-0.3 

V 

3 

V, N2 

+ 0.3 

V 

4 


Note 1 : Referenced to GND. 

Note 2: Ta = 25°C. 

Note 3 : The maximum applicable voltage on any pin with respect to GND. 
Note 4 : The maximum applicable voltage on any pin with respect to V DD . 


■ Recommended Operating Conditions 


Parameter 

Symbol 

Rating 

Unit 

Supply voltage 

Vdd 

2.5-6.0 

V 


■ Electrical Characteristics (Ta=-30~+60t:) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Key contact resistance 

Rki 




1 

k£2 


Key board capacity 

Cki 




30 

pF 

Input voltage 

Km 

2-of-7 input mode 

0.8 V DD 


V D d 

V 

5 

K, l 

GND 


0.2V dd 

V 

MUTE sink current 

Iml 

V DD =2.5V, Vout^O.SV 

0.5 

2.0 


mA 

6 

MUTE source current 

Imh 

V dd =2.5V, V OU t=2.0V 

0.5 

2.0 


mA 

PULSE sink current 

Ip 

V dd =2.5V, V OU t=0.5V 

1.0 



mA 

7 

Vref output value 

Vref 

^supply =: 1 50 fX A 

1.5 

2.5 

3.5 

V 

8 

Memory hold current 

Imr 

All outputs in no-load state 


0.7 


^ A 


Operating current 

Iop 

All outputs in no-load state 


100 

150 

M j 


Key pull-up resistance 

Kiru 

V dd =6.0V 


100 


k n 


Key pull-down resistance 

Kird 

V in =4.8V 


4 


kf2 


ON-HOOK pull-up resistance 

Roh 



100 


k£2 


MUTE, PULSE 
output off current 

Ilkg 

V dd =6.0V, V OU t=6.0V 


0.001 

i 

1 

//A 



Note 5 : Applies to key input pins (ROWi~4, COLi~ 3). 
Note 6 : Applies to MUTE output pin. 

Note 7 : Applies to PULSE output pin. 

Note 8 : Applies to Vref pin. 
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Pulse Dialer CMOS LSI 


LR40991 


■ Timing Diagram 



Test Circuit 


Power supply 


Keyboards 


2MO 7 

-AA/v — 

390pF 8 


220kf2 9 


LR40991 


18 


lMfl 

-AAA/ — 1 


OFF 

l-HOOKl 


17 


</ 


16 


15 


14 


13 


Keyboard 


12 


11 


10 


60% break 
O- 




66% break 


20pps 


/ 


lOpps o- 


>1M12 
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Pulse Dialer CMOS LSI 


LR40991 


System Configuration 


T elephone line 


Speech 

network 


1 

2 

3 

4 

5 

6 


8 

9 

* 

0 

# 


— HOOK MUTE 

-4 gnd 

Vr^ ; 

_l^f i LR40991 
5 C0Lz 18 

— COL 3 PULSE — 

— ROW, 

“77 RGW 2 CRi^ 

4f ROW 3 MiT- 

— row: gr 3 — 

M/B 20/10 

uTToI 



Ri = 2.7kO Qi =2N5550 

R 2 = 75kO Q 2 =21^5401 

R 3 = 22MO Q 3 =2N5550 

R 4 =390kn Q 4 =2N5550 

R 5 =2MO Q 5 =2N2222 


Ci=22^F 
C 2 = 390pF 
C 3 = 10/iF 
Di = lN914 
D 2 = 1N914 


R 5 =2MO Q 5 =2N2222 D 2 = 1N914 
R 6 = 150O Q 6 =2N2303 D 3 = 1N4004 
R 7 = 100kO 

R8=220kO Relay 1.5V bistable latching 
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Pulse Dialer CMOS LSI 


LR40992 


LR40992 


Pulse Dialer CMOS LSI 


■ Description 

The LR40992 is a monolithic CMOS LSI which 
uses a CR oscillator and provides the features re- 
quired for a pulse dialer with redial. 


■ Features 

1. Direct telephone-line operation 

2. Uses 2-of-7 matrix keyboard 

3. CMOS process for low-power operation 

4. 2.5 — 6.0V power supply 

5. Make/Break ratio pin -selectable 

6. 20/10 pps pin-selectable 

7. Redial with # or * 

8. MUTE output for electronic switching 

9. CR oscillator 

10. 18-pin dual-in-line package 


■ Pin Connections 



r \ 

- 

Vdd Q~ 

o 

18] PULSE 

Vref [T 

IDhks/t 

COLi [T 


m rowi 

COL 2 (T 


m row 2 

col 3 [J 


1 ROW 3 

GND (T 


1 row 4 

CR i U 


H MUTE 

cr 2 GE 


m m/b 

CRall 


1 20/10 


l -J 

Top View 


■ Block Diagram 
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Pulse Dialer CMOS LSI 


LR40992 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 

Supply voltage 

Vdd 

— 0.3~ + 6.2 

V 

1 

Operating temperature 

T oor 

-30- + 60 

°C 


Storage temperature 

TstE 

— 55 — +150 

°C 


Maximum power consumption 

f*D 

500 

mW 

2 

Maximum pin voltage 

v , N1 

-0.3 

V 

3 

V,N2 

+ 0.3 

V 

4 


Note 1 : Referenced to GND. 

Note 2: Ta=25°C. 

Note 3 : The maximum applicable voltage on any pin with respect to GND. 
Note 4 : The maximum applicable voltage on any pin with respect to V DD . 


■ Recommended Operating Conditions 


Parameter 

Symbol 

Specified value 

Unit 

Supply voltage 

Vdd 

2.5— 6.0 

V 


■ Electrical Characteristics (Ta=-30~+60°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Key contact resistance 

Rki 




1 

kO 


Key board capacity 

Cki 




30 

pF 


Input voltage 

K, h 

2-of-7 input mode 

0.8 V DD 


Vdd 

V 

5 

K il 

GND 


0.2V dd 

V 

5 

Key pull-up resistance 

Kiru 

V dd =6.0V, V in = 4.8V 


100 


kfi 


Key pull-down resistance 

Kird 


4 


kn 


MUTE sink current 

Im 

V dd =2.5V, V OU t=0.5V 

500 



M 

6 

Pulse output sink current 

Ip 


1.0 



mA 

, 7 

Vref output current 

Iref 

V DD» V ref == 6.0 V 

1.0 

7.0 


mA 

8 

Memory hold current 

Imr 

All outputs in no-load state 


0.7 


fj.k 


Operating current 

Iop 

All outputs in no-load state 


100 

150 

M 


MUTE, PULSE 

Output off current 

Ilkg 

V dd =6.0V, V O ut=6.0V 


0.001 

1 

■M 

6,7 


Note 5 : Applies to key inp ut pins (RDWi~4, COLi~ 3) 
Note 6 : Applies to MUTE output pin. 

Note 7 : Applies to PULSE output pin. 

Note 8 : Applies to Vref pin. 
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Pulse Dialer CMOS LSI 


LR40992 
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Pulse Dialer CMOS LSI 


LR40992 


■ System Configuration 


TIP RING 



Ri = 560kO 
R 2 = 1.4kO 
R 3 = 470kO 
R 4 = 330kO 
R 5 - 2MO 
Re = 220kO 
R 7 = 100kG 
R 8 — 3kO 
R 9 = 3kO 
R i o = lOOkO 
Rn = 10MO 


Qi = 2N5401 
Q 2 =2N5550 
Q 3 =2N5550 
Q 4 =2N5401 
q 5 =2N5401 

Ci =68 
C 2 = 390pF 
Z i = 120 volt, 
lwatt Zener 


Di = lN4004 
D 2 = 1N4004 
D 3 = 1N4004 
D 4 = 1N4004 
D 5 = 1N914 
D 6 = 1N914 
D 7 = 1N4004 
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Pulse Dialer CMOS LSI LR40993 



LR40993 


Pulse Dialer CMOS LSI 


■ Description 

The LR40993 is a monolithic CMOS LSI which 
uses a CR oscillator and provides the features re- 
quired for a pulse dialer with redial. 


■ Features 

1. Direct telephone -line operation 

2. Uses 2-of-7 matrix keyboard 

3. CMOS process for low -power operation 

4. 2.5 — 6.0V power supply 

5. Make/Break ratio pin-selectable 

6. 20/10 pps pin-selectable 

7. Redial with # or * 

8. MUTE output for electronic switching 

9. CR oscillator 

10. Beep-tone output for key input 

11. 18-pin dual-in-line package 


■ Pin Connections 



■ Block Diagram 
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Pulse Dialer CMOS LSI 


LR40993 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 

Supply voltage 

Vdd 

— 0.3 — h6.2 

V 

1 

Operating temperature 

Toor 

-30-+60 

°C 


Storage temperature 

Tst* 

-55- + 150 

°C 


Maximum power consumption 

Pd 

500 

mW 

2 

Maximum pin voltage 

V IN1 

-0.3 

V 

3 

ViN2 

+ 0.3 

V 

4 


Note 1 : Referenced to GND. 

Note 2 : Ta = 25°C. 

Note 3 : The maximum applicable voltage on any pin with respect to GND. 
Note 4 : The maximum applicable voltage on any pin with respect to V DD . 


■ Recommended Operating Conditions 


Parameter 

Symbol 

Specified value 

Unit 

Supply voltage 

V DD 

2.5-6.0 

V 


■ Electrical Characteristics (Ta=-30~+60°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Key contact resistance 

Rki 




1 

kO 


Key board capacity 

Cki 




30 

pF 


- 

Input voltage 

K m 

2-of-7 input mode 

0.8 V dd 


Vdd 

v 

5 

Kil 

GND 


0.2V D d 

V 

5 

Key pull-up resistance 

Kiru 

V dd =6.0V, V in =4.8V 


100 


kfi 


Key pull-down resistance 

Kird 


4 


kfl 


MUTE sink current 

Im 

V dd =2.5V, V OU t = 0.5V 

500 



M 

6 

Pulse output sink current 

Ip 

V dd = 2.5V, V OU t = 0.5V 

1.0 



mA 

7 

TONE output sink current 

Itl 

V dd = 2.5V, V OU t = 0.5V 

250 



M 

8 

TONE output source current 

Ith 

V dd = 2.5V, V OU t = Vdd-0.5 

250 



P A 

8 

Memory hold current 

Imr 

All outputs in no-load state 


0.7 


M 


Operating current 

Iop 

All outputs in no-load state 


100 

150 

M 


MUTE, PULSE 

Output off current 

Ilkg 

V dd =6.0V, V OU t=6.0V 


0.001 

1 

M 

6,7 


Note 5 : Applies to key inp ut pins (R0W/-4, COL!~ 3 ) 
Note 6 : Applies to MUTE output pin. 

Note 7 : Applies to PULSE output pin. 

Note 8 : Applies to TONE pin. 
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Pulse Dialer CMOS LSI 


LR40993 
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Pulse Dialer CMOS LSI 


LR40993 


■ System Configuration 


TIP 


RING 


Telephone line 



Ri=560kn 

R 10 =iookn 

Di = lN4004 

Ci = 68^/F 

r 2 = 1.4 kn 

Rn = 10Mn 

D 2 = 1N4004 

C 2 = 390 P F 

Rs = 470kn 


D 3 = 1N4004 

Zi,Z 2 = 120V : lwatt 

R 4 = 330kD 

Qi =2N5401 

D 4 = 1N4004 

Zener Diode 

R 5 = 2MD 

Q 2 =2N5550 

D 5 = 1N914 


Re — 220kD 

Q 3 =2N5550 

D 6 = 1N914 


R 7 -=100kQ 

Q 4 =2N5401 

D 7 = 1N4004 


R 8 = 3kQ 

R 9 = 3 kO 

Qs=2N5401 

Ds = Zener Diode 
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Pulse Dialer CMOS LSI 


LR40994 


LR40994 


Pulse Dialer CMOS LSI 


■ Description 

The LR40994 is a monolithic CMOS LSI which 
uses a CR oscillator and provides the features re- 
quired for a pulse dialer with redial. 


■ Features 

1. Uses 2-of-7 matrix keyboard 

2. CMOS process for low-power operation 

3. 2.5 — 6.0V power supply 

4. Make/Break ratio pin-selectable 

5. 20/10 pps pin-selectable 

6. Redial with it or * 

7. MUTE output for electronic switching 

8. CR oscillator 

9. Beep-tone output for key input 

10. 18-pin dual-in-line package 


■ Pin Connections 



r > 


Vdd U 

r\ 

m PULSE 

TONE [2 


U} HKS/T 

COLiU 


m row 1 

col 2 |T 


ID row 2 

col 3 [I 


HJrows 

GND QT 


m row 4 

CRi[T 


Dmute 

cr 2 [I 


m m/b 

cr 3 0E 


13 20/10 


L J 




Top View 


■ Block Diagram 



Vdd 

GND 


Pulse 

Output 

Mute 

Output 


20/10 pps 
Select 


CRi CR 2 CR 3 Make/Break Hook Switch/Test 
Ratio Select 


SHARP 


764 












Pulse Dialer CMOS LSI 


LR40994 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 

Supply voltage 

Vdd 

— 0.3 — 1-6.2 

V 

1 

Operating temperature 

T„„ r 

-30- + 60 

°C 


Storage temperature 

Tst« 

— 55 — (-150 

°c 


Maximum power consumption 

Pd 

500 

mW 

2 

Maximum pin voltage 

ViNl 

-0.3 

V 

3 

v, N2 

+ 0.3 

V 

4 


Note 1 : Referenced to GND. 

Note 2 : Ta=25°C 

Note 3 : The maximum applicable voltage on any pin with respect to GND. 

Note 4 : The maximum applicable voltage on any pin with respect to V DD . 


■ Electrical Characteristics (Ta=-30~+60t:) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Supply voltage 

V DD 


2.5 


6.0 

V 


Key contact resistance 

Rki 




1 

kfl 


Key board capacity 

Cki 




30 

pF 


Input voltage 

K, h 

2-of-7 input mode 

0.8V dd 


Vdd 

V 

5 

Kil 

GND 


0.2V dd 

V 

5 

Key pull-up resistance 

Kiru 

V dd =6.0V, V IN — 4.8V 


100 


kn 


Key pull-down resistance 

Kird 


4 


kH 


MUTE sink current 

Im 

V dd = 2.5V, V OU t = 0.5V 

500 



M 

6 

PULSE output sink current 

Ip 

V DD — 2.5V, V OU t“ 0.5V 

1.0 



mA 

7 

TONE output sink current 

Itl 

V dd =2.5V, Vout — 0.5V 

250 



M 

8 

TONE output source current 

Ith 

V dd = 2.5V, V OU t = V dd -0.5V 

250 



M 

8 

Memory hold current 

Imr 

All outputs in no-load state 


0.7 


M 


Operating current 

Iop 

All outputs in no-load state 


100 

150 

M 


MUTE, PULSE 

Output off current 

Ilkg 

V dd = 6.0V, V ou f — 6.0V 


0.001 

1 

M 

6,7 


Note 5 : Applies to key inp ut pins (ROW!~ 4 , COL!~ 3 ) 
Note 6 : Applies to MUTE output pin. 

Note 7 : Applies to PULSE output pin. 

Note 8 : Applies to TONE pin. 
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Pulse Dialer CMOS LSI 


LR40994 


Timing Diagram 


Key input 
COL scan 
ROW scan 


ON -HOOK input L 


MUTE output 


PULSE output 
CR 2 output 


ON -HOOK mode 
Tone output 


Digit 1 


Digit 3 


# or * 


_r 


irumniL---- 5 ----- _nn_j — uir — mr 

uu — ltitl in r 


L_muirinf- 


500Hz 


JT 


1 


-ih- 


IT 


-fh 


irnur 


nnn 4kHz ! j Oscillator , 1 | 

TJU1 -t-i— i-H 

! tDS ! | te 

tpDP 


Oscillator stop 

l-JUU - 


tlDP 


Normal dial 1/Pr 


• t M D j 


If 


w 


inn fur 


OFF -HOOK mode 


JUUUL 


JUUUL 


Redial mode 


OFF -HOOK mode 


JUUUL 


i- 


TEST mode 


Test Ciruit 


Power supply 


Key- 

board 



LR40994 


18 


17 


1MO 


OFF- 

HOOK 


</ 


16 


15 


14 


13 


12 


Keyboard 


11 


10 


60% break 

1 

66% break 


20pps 


</ 


lOpps o— 


:imo 
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Pulse Dialer CMOS LSI 


LR40994 


■ System Configuration 


Telephone line 

TIP RING 



R i =560kG 
R 2 = 1.4kO 
R 3 — 470kO 
R 4 = 330kn 
r 5 = 2M n 
R 6 — 220kD 
R 7 — lOOkH 
R s = 3kO 
R 9 = 3kO 


Rio=100kG 
Rn — 10M£2 

Qi =2N5401 
Q 2 =2N5550 
Q 3 =2N5550 
Q 4 =2N5401 
Q 5 =2N5401 


Di= 1N4004 
D 2 = 1N4004 
D 3 = 1N4004 
D 4 = 1N4004 
D 5 = 1N914 
D 6 = 1N914 
D 7 = 1N4004 
Ds^ Zener Diode 


Ci =68^/F 
C 2 =390 P F 

Zi^^OV, 1-watt Zener Diode 
Z 2 =120V, 1-watt Zener Diode 
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Pulse/Tone Dialer CMOS LSI 


LR4801D 


LR4801D 


Pulse/Tone Dialer CMOS LSI 


■ Description 

The LR4801D is a CMOS LSI for the repertory 
dialer switchable between tone and pulse dialing 
with the beep-tone function and ten 18-digit num- 
ber memory storage. 


■ Features 

1. Switchable between DTMF tone dialing and 
pulse dialing modes 

2. Stores ten 18-digit telephone number memory 
including a redial memory 

3. Beep-tone output for key input 

4. PABX pause storage 

5. Uses the single contact, the standard 2 of 7 or 
2 of 8 matrix keyboard 

6. Switchable between 10 pps and 20 pps in 
pulse dialing mode 

7. A 3.579545 MHz color burst crystal can be 
used for the clock oscillator 

8. 18-pin dual-in-line package 


■ Pin Connections 



r > 


Vdd (T 

O 

!|] TONE OUT . 

col 4 |T 


17) PULSE OUT 

COLi (T 


16) ROW*! 

COL 2 [T 


]5| ROW 2 

COL3 (T 


ni row 3 

GND (T 


]3] ROW* 

TEST (T 


T|] HKS 

oscin fir 


7T) MUTE 

0 scout QT 


D MODE 


L J 




Top View 
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Pulse/Tone Dialer CMOS LSI 


LR4801 D 


■ Block Diagram 



Tone Output 


Pulse Output 


Mute Output 


Vdd GND 


Pin Description 


Signal Name 


Symbol 


I/O 


Function 


Power supply 


COL 1 ~COL 4 


row 1 ~row 4 


Key input 


COL 4-string Key input 


ROW 4 -string key input 


GND 


Ground 


Negative power supply pin 


TEST 


Test input 


Pin used for LSI testing 


OSC Ir 


OSCn 


Oscillator 

connection 


Connect crystal for color burst 


MODE 


Mode select 


Pin connection 

Operating mode 

Vdd 

20-pps pulse dialer 

Open 

10-pps pluse dialer 

GND 

DTMF tone dialer 


MUTE 


Mute output 


Sending of MUTE signal 


HKS 


Hook switch input 


Pin connection 

Operating mode 

Vdd 

on-hook mode 

Open 

off-hook mode 

GND 

off-hook mode 


PULSE OUT 


Pulse output 


Sending of lOOpps or 20pps pulse signal 


TONE OUT 


Tone output 


Sending of DTMF tone signal or output of beep tone signal 



On hook 

Off hook 

Tone mode 

Beep tone 

DTMF signal 

Pulse mode 

Beep tone 

Beep tone 
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Pulse/Tone Dialer CMOS LSI 


LR4801 D 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 

Pin voltage 

Vdd 

10.5 

V 

1 

Input voltage 

v IN 

-0.3~V dd + 0.3 

V 

2 

Power consumption 

Pd 

500 

mW 

3 

Operating temperature 

T„ Dr 

-30-+60 

°C 


Storage temperature 

T„ Dr 

— 55 — 1- 150 

°C 



Note 1 : Referenced to GND. 

Note 2 : The maximum applicable voltage on any pin with respect to GND. 
Note 3 : Ta = 25°C 


■ Recommended Operating Conditions 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vdd 

2 


6 

V 


■ DC Characteristics (Ta=25t:) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input voltage 

V IL 


GND 


0.2V dd 

V 


Vih 


0.8 V D d 


Vdd 

V 

Tone output 
voltage 

ROW 

VoR 

R L =lkfi 

290 

350 

450 

Vp ms 


COLUMN 

Voc 

R L = lkfl 

380 

450 

550 

^ Vrhis 


Standby current 

IsB 

Vdd=3.5V 


3 

6 

M 

4 

Operating current 

Iop 

Vdd=3.5V 


2 

3 

mA 

5 

Mute output current 

W 

Vdd=2V, V ol =0.5V 

1 

2 


mA 

6 

Pulse sync output current 

IpL 

Vdd=2V, V o =0.5V 

1 



mA 


Pulse leakage output current 

1 Ilkg 1 

V dd =6V, V 0 =6V 



1 

M 


Key pull-up input resistance 

Rkp 

Vdd=3.5V 


100 


kO 

7 

Key pull-down input resistance 

Rkd 

Vdd=3.5V 


5 


kfl 

7 

Mode pull-up input resistance 

Rmp 

Vdd=3.5V 


100 


kfl 


Mode pull-down input 
resistance 

Rmd 

V dd =3.5V v 


100 


kfl 


HKS pull-up input resistance 

Rhk 

Vdd = 3.5V 


60 


kfi 


Tone output distortion 


V DD sS4V, R L =lkfi 



-20 - 

dB j 

8 

Pre-emphasis 

PEhb 

V dd ^4V, R L =lkfl 

1 

2 

3 

dB 



Note 4 : All output pins in no-load condition when clock is stopped and when on hook. 

Note 5 : All output pin s in no- load condition during key input and when on hook/off hook. 

Note 6 : Applied to the M UTE pin. 

Note 7 : Resistance when ROW pin or COL pin is 125 Hz and is scanned at high or low level. 

Note 8 : Unwanted frequency component corresponding to the total power of the fundamental tone signal of the ROW pin and COL pin. 
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Pulse/Tone Dialer CMOS LSI 


LR4801D 


■ AC Characteristics (Ta-25“C) 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Oscillation start time 

tos 



8 

ms 

9 

Key debounce time 

tDB 

4 


32 

ms 

10 

Pulse rate 

Pr 


10 


pps 

11 


20 


pps 

12 

Break time 

tB 


60 


ms 

13 

Interdigital pause time 

tlDP 


1000 


ms 

13 

14 

Mute overlap time 

tMOL 


2 

4 

ms 


Predigital pause time 

tpDP 


40 


ms 

13 

Tone output rate 

Tor 


220 


ms 



Note 9 : When crystal oscillation element with characteristics Rs=100D, Im= : 96mH, 
Cm = 0.02pF, Ch = 5pF, f= 3.579545 MHz is used. 

Note 10 : Key input is accepted after oscillation begins if valid after tDB. 

Note 1 1 : Opens the MODE pin. 

Note 12 : Connects the MODE pin to Vdd. 

Note 13 : During 10-pps pulse mode (1/2 during 20-pps mode). 

Note 14 : 100 msec during DTMF mode. 


■ Timing Diagram 
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Pulse/Tone Dialer CMOS LSI 


LR4801D 


■ System Configuration (tone mode connection example) 


Ri Si 



Connect to P for pulse mode 


Connect to T for tone mode 


Zi = 10DK820 

Qi = 2N6660 

Ri =220 1W 

Q 2 = 2N5401 

R 2 =560kO 

Qs = 2N5550 

Ra =1.5kO 

Q4 = 2N5550 

R 4 =1500 

Q 5 = 2N5550. 

Rs =270kO 

Qe=2N5550 

R6 =510 Si 

, S 2 , S3 = Hook switch 

R 7 =5kO 

Di~D 4 = 1N4004 

pa 

II 

o 

o 

O 

D 5 = 1N270 

Rg =2000 

De = lN752 (5.6V) 

Rio= lOOkO 

D 7 = 1N914 

Rn = 1MO 

D 8 = 1N914 

Ri2 = lOkO 


Ri3 = 470O 



4 s 1 R 14 — 39 O 

*2 Ci = 68//F (Must be input to smooth the power supply and 
prevent latch up.) 
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Pulse/Tone Dialer CMOS LSI 


LR4802 


LR4802 


Pulse / Tone Dialer CMOS LSI 


■ Description 

The LR4802 is a CMOS LSI for the repertory di- 
aler switchable between tone and pulse dialing 
(make/break ratio : 32%/68%) with ten 18 -digit 
number memory storage. 


■ Features 

1. Switchable between DTMF tone dialing and 
pulse dialing modes 

2. Stores ten 18-digit telephone number memory 
including a redial memory 

3. PABX pause storage 

4. Uses the single contact, the standard 2 of 7 or 
2 of 8 matrix keyboard 

5. Make/Break ratio : 32%/68% 

6. Switchable between 10 pps and 20 pps in 
pulse dialing mode 

7. A 3. 579545MHz color burst crystal can be 
used for the clock oscillator 

8. 18-pin dual-in-line package 


■ Pin Connections 



r a 


Vdd (T 

O 

18] TONE OUT 

col 4 (T 


TF] PULSE OUT 

COLi |T 


Tfi] ROWi 

COL 2 \J 


15] ROW 2 

COLs [T 


u] ROWs 

GND |T 


13] ROW, 

TEST (T 


l|) HKS 

OSCin Q[ 


71] MUTE 

OSCout 


To] MODE 


s J 




Top View 
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Pulse/T one Dialer CMOS LSI 


LR4802 


■ Block Diagram 



Vdd GND 


Tone Output 


Pulse Output 


Mute Output 


■ Pin Description 


Signal Name 
Vdd 

COLx-COI^ 
ROW! -ROW 
GND 
TEST , 
OSC IN 
0SC OUT 


MODE 


MUTE 


HKS 


PULSE OUT 
TONE OUT 


Symbol 

Power supply 

Key input 

Ground 

Test input 

Oscillator 

connection 


Mode select 


Mute output 


Hook switch input 


Pulse output 
Tone output 


I/O 


Function 


I 


I 


0 


I 


0^ 

0 


COL 4-string key input 

ROW 4-string key input 

Negative power supply pin. 

Pin used for LSI testing 

Connect crystal for color burst 


Pin connection 

Operating mode 

Vdd 

20-pps pulse dialer 

Open 

10-pps dialer 

GND 

DTMF tone dialer 


Sending of MUTE signal 


Pin connection 

Operating mode 

Vdd 

On-hook mode 

Open 

On-hook mode 

GND 

Off-hook mode 


Sending lOOpps or 20pps pulse signal. 
Sending of DTMF tone signal. 
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Pulse/Tone Dialer CMOS LSI 


LR4802 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 

Supply voltage 

V DD 

10.5 

V 

1 

Input voltage 

V IN 

-0.3~V dd +0.3 

V 

2 

Power consumption 

Pd 

500 

mW 

3 

Operating temperature 

T„„ r 

— 30 — K60 

°C 


Storage temperature 

Tool- 

— 55- + 150 

°c 



Note 1 : Referenced to GND. 

Note 2 : The maximum applicable voltage on any pin with respect to GND. 
Note 3: Ta = 25°C 


■ Recommended Operating Conditions 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vdd 

2 


6 

V 


■ DC Characteristics (Ta-25°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input voltage 

V,L 


GND 


0.2V dd 

V 


V IH 


0.8 V DD 


Vdd 

V 


Tone output 
voltage 

ROW 

VoR 

R L =lkn 

290 

350 

450 

m V rms 


COLUMN 

Voc 

R L =lkn 

380 

450 

550 

mV rms 


Standby current 

IsB 

V DD =3.5V 


3 

6 

M 

4 

Operating current 

Iop 

V dd =3.5V 


2 

3 

mA 

5 

Mute output current 

IoL 

V; d =2V, V ol = 0.5V 

1.0 

2.0 


mA 

6 

Pulse sync output current 

IpL 

V dd =2V, V o =0.5V 

1.0 



mA 


Pulse leakage output current 

1 Ilkg 1 

V dd =6V, V 0 =6V 



1.0 

M 


Key pull-up input resistance 

Rkp 

V dd =3.5V 


100 


kn 

7 

Key pull-down input resistance 

Rkd 

V dd =3.5V 


5.0 


kn 

7 

Mode pull-up input resistance 

Rmp 

V dd =3.5V 


100 


kn 


Mode pull-down input 
resistance 

Pmd 

V dd =3.5V 


100 


kn 


HKS pull-up input resistance 

Rhk 

V dd =3.5V 


60 


kO 


Tone output distortion 


V dd ^4V, R L =lkn 



-20 

dB 

8 

Pre-emphasis 

PE hb 

V dd > 4V, R L =lkD 

1.0 

2.0 

3.0 

dB 



Note 4 : All output pins in no-load condition when clock is stopped and when on hook. 

Note 5 : All output pins in no-load condition during key input and when on hook/off hook. 

(upper row: during pulse mode, lower row: during tone mode) 

Note 6 : Applied to the M UTE pin. 

Note 7 : Resistance when ROW pin or COL pin is 125 Hz and is scanned at high or low level. 

Note 8 : Unwanted frequency component corresponding to the total power of the fundamental tone signal of the ROW pin and COL pin. 
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Pulse/Tone Dialer CMOS LSI 


LR4802 


■ AC Characteristics 


(Ta=25°C> 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Oscillation start time 

tos 



8 

ms 

9 

Key debounce time 

tDB 

4 


32 

ms 

10 

Pulse rate 

Pr 


10 


pps 

11 


20 


12 

Break time 

tB 


68 


ms 

13 

Interdigital pause time 

tlDP 


1000 


ms 

13 

14 

Mute overlap time 

tMOL 


2 

4 

ms 


Predigital pause time 

tpDP 


40 


ms 

13 

Tone output rate 

toR 


220 


ms 



Note 

9 

Note 

10 

Note 

11 

Note 

12 

Note 

13 

Note 

14 


When crystal oscillation element with characteristics Rs=100f2, Lm = 96mH, 
Cm=0.02pF, Ch=5pF, f= 3.579545 MHz is used. 

Key input is accepted after oscillation begins if valid after tDB., 

Opens the MODE pin. 

Connect the MODE pin to Vdd. 

During 10-pps pulse mode (1/2 during 20-pps mode). 

100 ms during DTMF mode. 


■ Timing Diagram 
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Pulse/Tone Dialer CMOS LSI 


LR4802 


■ System Configuration (tone mode connection example) 


™™RCVR 





1 

2 


RED 

/P 

4 

5 

6 

P 

T 

8 

9 

ST 

* 

0 


REC 


Keyboard 


3.579545MHz 


Connect to P for pulse mode 
Connect to T for tone mode 


Zi = 10DK820 

Qi = 2N6660 

Ri = 2201W 

Q 2 = 2N5401 

R 2 = 560kO 

Q3=2N5550 

R 3 = 1.5kO 

Q 4 = 2N5550 

R 4 = 1500 

Q 5 =2N5550 

Rs = 270kO 

Qe=2N5550 

R6 — 51 n 

Si, S 2 , S 3 = Hook switch 

R 7 =5kO 

Di~D4 = 1N4004 

w 

II 

0 

0 

D 

D 5 = 1N270 

R 9 =2000 

De=lN752 (5.6V) 

Rio = lOOkO 

D? = 1N914 

Ru = 1MO 

D 8 — 1N914 

Ri2= lOkO 


Ri3 = 470O 



* 1 Ri4 = 390 

* 2Ci = 68//F (Must be input to smooth the power supply and 

prevent latch up.) 
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Pulse/Tone Dialer CMOS LSI 


LR4803 


LR4803 


Pulse / Tone Dialer CMOS LSI 


■ Description 

The LR4803 is a CMOS LSI for the repertory di- 
aler switchable between tone and pulse dialing 
(make/break ratio : 40%/60%) with ten 18 -digit 
number memory storage. 


■ Features 

1. Switchable between DTMF tone dialing and 
pulse dialing modes 

2. Stores ten 18 -digit telephone number memory 
including a redial memory 

3. PABX pause storage 

4. Uses the single contact, the standard 2 of 7 or 
2 of 8 matrix keyboard 

5. Make/Break ratio : 40%/60% 

6. Switchable between 10 pps and 20 pps in 
pulse dialing mode 

7. A 3. 579545MHz color burst crystal can be 
used for the clock oscillator 

8. 18-pin dual-in-line package 


■ Pin Connections 



r 


Vpp l~r 

D 

18] TONE OUT 

COL 4 (T 


JO PULSE OUT 

COLi (T 


16] ROWi 

col 2 |T 


JO ROW 2 

COLs (T 


U] ROWs 

GND (T 


13] ROW 4 

TEST [7 


U HKS 

OSCin (T 


7T] MUTE 

OSCout 1 9 


MODE 






Top View 
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Pulse/Tone Dialer CMOS LSI 


LR4803 


■ Block Diagram 



Vdd GND 


Tone Output 


Pulse Output 


Mute Output 


■ Pin Description 


Signal Name 
Vdd 

COLj COL 4 
ROW ROW 
GND 
TEST 
OSC IN 
OSCqut 


MODE 


MUTE 


HKS 


PULSE OUT 
TONE OUT 


Symbol 

Power supply 

Key input 

Ground 

Test input 

Oscillator 

connection 


Mode select 


Mute output 


Hook switch input 


Pulse output 
Tone output 


I/O 


Function 


I 


0 


I 


0 


I 


0^ 

0 


COL 4-string key input 
ROW 4-string key input 
Negative power supply pin. 
Pin used for LSI testing 


Connect crystal for color burst 


Pin connection 

Operating mode 

Vdd 

20-pps pulse dialer 

Open 

10-pps pulse dialer 

GND 

DTMF tone dialer 


Sending of MUTE signal 


Pin connection 

Operating mode 

Vdd 

On-hook mode 

Open 

On-hook mode 

GND 

Off-hook mode 


Sending of lOOpps or 20pps pulse signal 
Sending of DTMF tone signal. 
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LR4803 


Pulse/Tone Dialer CMOS LSI 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 

Supply voltage 

Vdd 

10.5 

V 

1 

Input voltage 

V,N 

-0.3~V dd +0.3 

V 

2 

Power consumption 

Pd 

500 

mW 

3 

Operating temperature 

T oor 

— 30 — L60 

°C 


Storage temperature 

Toor 

-55- + 150 

°C 



Note 1 : Referenced to GND. 

Note 2 : The maximum applicable voltage on any pin with respect to GND. 
Note 3 : Ta=25°C 


■ Recommended Operating Conditions 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vdd 

2 


6 

V 


■ DC Characteristics (Ta=25t:) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input voltage 

V,L 


GND 


0.2V dd 

V 


V IH 


0.8 V DD 


V dd 

V 


Tone output 
voltage 

ROW 

VoR 

R L =lkn 

290 

350 

450 

mVrms 


COLUMN 

Voc 

R L =lkn 

380 

450 

550 

mV RMS 


Standby current 

IsB 

V dd = 3.5V 


3 

6 

M 

4 

Operating current 

Iop 

V dd = 3.5V 


2 

3 

mA 

5 

Mute output current 

IoL 

V dd = 2V, V ol =0.5V 

1 

2 


mA 

6 

Pulse sync output current 

IpL 

V DD — 2V, V o =0.5V 

1 



mA 


Pulse leakage output current 

1 Ilkg 1 

V dd =6V, V 0 =6V 



1 

M 


Key pull-up input resistance 

Rkp 

V dd =3.5V 


100 


kO 

7 

Key pull-down input resistance 

Rkd 

V dd =3.5V 


5 


kn 

7 

Mode pull-up input resistance 

Rmp 

V dd =3.5V 


100 


ka 


Mode pull-down input 
resistance 

Rmd 

V dd =3.5V 


100 


ka 


HKS pull-up input resistance 

Rhk 

V dd =3.5V 


60 


. ka 


Tone output distortion 


V DD i4V, R L =lka 



-20 

dB 

8 

Pre-emphasis 

PEhb 

V D Di4V, R L =lkn 

1 

2 

3 

dB 



Note 4 : All output pins in no-load condition when clock is stopped and when on hook. 

Note 5 : All output pins in no-load condition during key input and when on hook/off hook. 

Note 6 : Applied to the M UTE pin. 

Note 7 : Resistance when ROW pin or COL pin is 125 Hz and is scanned at high or low level. 

Note 8 : Unwanted frequency component corresponding to the total power of the fundamental tone signal of the ROW pin and COL pin. 
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Pulse/Tone Dialer CMOS LSI 


LR4803 


■ AC Characteristics (Ta=25t:) 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Oscillation start time 

tos 



8 

ms 

9 

Key debounce time 

1-DB 

4 


32 

ms 

10 

Pulse rate 

P R 


10 


pps 

11 


20 


12 

Break time 

tB 


60 


ms 

13 

Interdigital pause time 

tlDP 


1000 


ms 

13 

14 

Mute overlap time 

t-MOL 


2 

4 

ms 


Predigital pause time 

tpDP 


40 


ms 

13 

Tone output rate 

Tor 


220 


ms 



Note 9 : When crystal oscillation element with characteristics Rs= 100(1, Lm = 96mH, 
Cm = 0.02pF, Ch=5pF, f=3. 579545 MHz is used. 

Note 10 : Key input is accepted after oscillation begins if valid after Idb. 

Note 1 1 : Opens the MODE pin. 

Note 12 : Connect the MODE pin to Vdd. 

Note 13 : During 10-pps pulse mode (1/2 during 20-pps mode). 

Note 14 : 100 ms during DTMF mode. 


■ Timing Diagram 
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Pulse/Tone Dialer CMOS LSI 


LR4803 


■ System Configuration (tone mode connection example) 


Ri Si 



Connect to P for pulse mode 

Connect to T for tone mode 


Zi = 10DK820 

Qi = 2N6660 

Ri =220, 1W 

Q 2 = 2N5401 

R 2 =560kO 

Q 3 = 2N5550 

Rs =1.5kO 

Q 4 = 2N5550 

R 4 =1500 

Qs = 2N5550 

Rs =27QkO 

Qe = 2N5550 

R6 =510 Si 

S 2 , S3 = Hook 

R 7 =5kO 

Di~D4=1N4004 

R8 =1000 

• Ds = lN270 

R 9 =2000 

De=lN752 (5.6V) 

Rio= lOOkO 

D? = 1N914 

Rn = 1MO 

Ds = lN914 

Ri2= lOkO 


Ri3 = 470O 



*1 Rn=39ft 

*2 Ci = 68 /*F (Must be input to smooth the power supply and 
prevent latch up.) 
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Pulse/Tone Dialer CMOS LSI 


LR4804 


LR4804 


Pulse / Tone Dialer CMOS LSI 


■ Description 

The LR4804 is a CMOS LSI for the repertory di- 
aler switchable between tone and pulse dialing 
with a 32-digit last number redial and the mode 
(pulse or tone) memory storages. 


■ Features 

1. Switchable between DTMF tone dialing and 
pulse dialing modes 

2. The original mode in OFF HOOK state switch- 
able by a pin and the mode in dialing by a 
mode key 

3. Stores a 32-digit telephone number redial 
memory and the mode memory 

4. PABX pause Storage 

5. Uses the single contact or 15 keys matrix 
keyboard 

6. Make/Break ratio : 40%/60% 

7. Switchable between 10 pps and 20 pps in 
pulse dialing mode 

8. A 3. 579545MHz color burst crystal can be 
used for the clock oscillator 

9. 20-pin dual-in-line package 


■ Pin Connections 





vdd Cl 

0 

n TONE OUT 

MOD OUT |T 


19] PULSE OUT 

COLl GE 


5U ROW] 

col 2 [T 


n] row 2 

col 3 Q[ 


16] ROWa 

GND GE 


1] ROW, 

col4 Cl 


m HKS 

COLs GE 


iU MUTE 

oscin GE 


TO MOD SELECT 

0 SCout 01 


TT] 10/20PPS 


L- J 

SELECT 



Top View 
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Pulse/Tone Dialer CMOS LSI 


LR4804 


Block Diagram 


Mode Select 



10/20PPS Select 


Vdd GND 


Note) Be sure not to apply higher voltage than Vdd to the TONE 
OUTPUT pin. 


•SHARP 





Pulse/Tone Dialer CMOS LSI 


LR4804 


■ Pin Description 


Signal Name 
Vdd 

cql 1 ~col 5 

ROW! -LOW 
GND 
OSC IN 
0SC OUT 


MOD OUT 


Symbol 

Power supply 


I/O 


Function 


Key input 


4 _ 


Ground 


Oscillator connection 


Mode output 


COL 4 -string key input 

ROW 4 -string key input 

Negative power supply pin 

Connect crystal for color burst 


Mode 

Level 

Pulse 

High impedance 

Tone 

Low 


10/20PPS 

SELECT 


10/20PPS select input 


Pin connection 

Operating mode 

GND 

10-pps pulse dialer 

Vdd 

20-pps pulse dialer 


MOD SELECT 


Mode select 


Pin connection 

Operating mode 

Vdd 

Pulse dialer 

GND 

DTMF tone dialer 


MUTE 


Mute output 


HKS 


Hook switch input 


PULSE OUT Pulse output 

TONE OUT Tone output 


0 


Sending of MUTE signal 


Pin connection 

Operating mode 

Vdd 

On-hook mode 

Open 

On-hook mode 

GND 

Off-hook mode 


0 Sending 10-pps or 20-pps pulse signal 

0 Sending of DTMF tone signal 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 

Supply voltage 

Vdd 

10.5 

V 

1 

Input voltage 

Vl N1 

-0.3 

V 

2 

ViN2 

0.3 

V 

3 

Power consumption 

Pd 

500 

mW 

4 

Operating temperature 

T„ pr 

-30-+60 

r 


Storage temperature 

Xgtg 

— 55 — (-150 

°c 



Note 1 : Referenced to GND. 

Note 2 : The maximum applicable voltage on any pin with respect to GND. 
Note 3 : The maximum applicable voltage on any pin with respect to Vdd. 
Note 4: Ta = 25°C 


■ Recommended Operating Conditions 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vdd 

2 


6 

V 
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Pulse/Tone Diler CMOS LSI 


LR4804 


■ DC Characteristics (Ta=25°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input voltage 

V,L 


GND 


0.2V dd 

V 


V,H 


0.8V dd 


Vdd 

V 


Tone output 

ROW 

V 0 R 

R L = lkn, V dd =4V 

300 

370 

500 

mV RMS 


voltage 

COLUMN 

Voc 

R L =lkO, V dd =4V 

400 

480 

600 

mV RMS 


Standby current 

I SB 

V dd =3,5V 


3 

6 

M , 

5 

Operating current 

Iop 

V dd =3.5V 


2 

3 

mA 

6 

Mute output current 

IoL 

V D d~2V, V O l=0.5V 


2 


mA 

7 

Pulse sync output current 

IpL 

V DD ~2V, V 0 — 0.5V 

1 



mA 


Pulse leakage output current 

1 Ilkg 1 

V dd =6V, V 0 =6V 



1 

//A 

8 

Key pull-up input resistance 

Rkp 

V DD ~3.5V 


100 


kn 

9 

Key pull-down input resistance 

Rkd 

V dd =3.5V 


2 


kll 

9 

HKS pull-up input resistance 

Rhk 

V dd =3.5V 


40 


kn 


Tone output distortion 


V dd 2;4V, R L =lkfi 



-23 

dB 

10 

Pre-emphasis 

PEhb 

V DD i4V, R L =lkfi 

1 

2 

3 

dB 


Memory retention current 

Imr 



0.7 

3 



Key input resistance 

Rrs 




5 

KO 



All output pins in no-load condition when clock is stopped and when on hook. 

All output pins in no-load condition during key input and when off hook. 

Applied to the MUTE, MOD pins. 

Applied to the M UTE, MOD, PULSE pins. 

Resistance when ROW pin or COL pin is 125 Hz and is scanned at high or low level. 

Unwanted frequency component corresponding to the total power of the fundamental tone signal of the ROW pin and COL pin. 


Note 5 
Note 6 
Note 7 
Note 8 
Note 9 
Note 10 


■ AC Characteristics (Ta=25'C) 


Parameter 

Symbol 

MIN. 

TYP. 

'MAX. 

Unit 

Note 

Key debounce time 

tDB 


54 

70 

ms 

11 

Pulse rate 

Pr 


10 


pps 

12 


20 


pps 

13 

Break time 

t B 


60 


ms 

14 

Interdigital pause time 

tlDP 


1000 


ms 

14 

15 

Mute overlap time 

tMOL 


6 


ms 

16 

Predigital pause time 

tpDP 


40 


ms 

14 

Tone output rate 

Tor 


220 


ms 



Note 

11 

Note 

12 

Note 

13 

Note 

14 

Note 

15 

Note 

16 


Key input is accepted after oscillation begins if valid after tDB. 

10/20 pps SELECT pin connect to GND 

10/20 pps SELECT pin connect to Vdd 

During 10 pps pulse mode (1/2 during 20 pps mode) 

120 ms during DTMF mode 
3.5 ms during DTMF mode 


SHARP 


786 





Pulse/Tone Dialer CMOS LSI 


LR4804 
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Pulse/Tone Dialer CMOS LSI 


LR4805 


LR4805 


Pulse / Tone Dialer CMOS LSI 


■ Description ■ Pin Connections 

The LR4805 is a CMOS LSI for the dialer switch- 
able between tone and pulse dialing (make/break 
ratio : 32%/68%) with a 32-digit redial number 
memory and the pulse or tone mode memory stor- 
ages. 


■ Features 

1. Switchable between DTMF tone dialing and 
pulse dialing modes 

2. The original mode in OFF HOOK state switch- 
able by a pin and the mode in dialing by a 
mode key 

3. Stores a 3 2 -digit telephone number redial 
memory and the mode memory 

4. PABX pause Storage 

5. Uses the single contact or 15 keys matrix key- 
board 

6. Make/Break ratio : 32%/68% 

7. Switchable between 10 pps and 20 pps in 
pulse dialing mode 

8. A 3. 579545MHz color burst crystal can be 
used for the clock oscillator 

9. 20-pin dual-in-line package 


v dd [T 

0 

2(0 TONE OUT 

MOD OUT (T 

ijO PULSE OUT 

COLi (T 


D ROWi 

col 2 [7 


Tf] ROW2 

col 3 (T 


m rows 

GND |T 


m rowj 

COL4 [T 


hks 

COLs QT 


ID MUTE 

OSCin U 


IU MOD SELECT 

0 scout QjF 


TT] 10/20PPS 

L > 

' SELECT 



Top View 
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Pulse/Tone Dialer CMOS LSI 


LR4805 


Block Diagram 


Modie Select 



10/20PPS Select Vdd GND 

Note) Be sure not to apply higher voltage than Vdd to the TONE 
OUTPUT pin. 
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Pulse/Tone Dialer CMOS LSI 


LR4805 


Pin Description 


Pin 


Name 


I/O 


Function 


Vdd 


Power supply 


COLi—COLs 


ROWi~ROW 4 


Key input 


Key input of COL 5th row 


Key input of ROW 4th row 


GND 


Ground 


Negative power supply terminal 


OSCin 


OSCout 


Oscillator connection 


Collar burst crystal connected 


MOD OUT 


Mode output 


Mode 

Level 

Pulse 

High impedance 

Tone 

LOW 


10/20PPS 

SELECT 


10/20PPS 
select input 


Pin connection 

Operating mode 

GND 

lOpps pulse dialer 

Vdd 

20pps pulse dialer 


MOD SELECT 


Mode select 
input 


Pin connection 

Operating mode 

Vdd 

Pulse dialer 

GND 

DTMF tone dialer 


MUTE 


Mute output 


Transmission of Mute signal 


HKS 


Hook switch 
input 


Pin connection 

Operating mode 

Vdd 

ON-Hook mode 

Open 

ON-Hook mode 

GND , 

OFF-Hook mode 


PULSE OUT 


Pulse output 


Transmission of lOpps or 20pps pulse signal 


TONE OUT 


Tone output 


Transmission DTMF tone signal 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 

Supply voltage 

Vdd 

10.5 

v J 

1 

Maximum pin voltage 

' 

VlNl 

-0.3 

. V 1 

2 

V IN2 

0.3 

V 

3 

Power dissipation 

Pd 

500 

mW 

4 

Operating temperature 

Topr 

-30- + 60 

°C 


Storage temperature 

Tstg 

-55- + 150 

°C 



Note 1: Referenced to GND 

Note 2: The Maximum applicable voltage on any pin with respect to GND 
Note 3: The Maximum applicable voltage on any pin with respect to GND 
Note 4: Ta — 25°C 


■ Recommended Operating Conditions 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vdd 

2 


6 

V 
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Pulse/Tone Dialer CMOS LSI 


LR4805 


■ DC Characteristics 


Paramater 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input voltage 

VlL 


GND 


0.2Vdd 

V 


VlH 


0.8Vdd 


Vdd 

V 


Tone output 
voltage 

ROW 

VOR 

Rl= lkfl, Vdd=4V 

300 

400 

500 

hiVrms 


COLUMN 

Voc 

Rl= lkfl, Vdd=4V 

400 

500 

600 

hiVrms 


Stand-by current 

ISB 

Vdd=3.5V 


1 

2 

M 

5 

Operating current 

lop 

Vdd=3.5V 


1 

2 

mA 

6 

Mute output current 

IOL 

Vdd = 2V, Vol=0.5V 

2 



mA 

7 

Pulse sink output current 

I PL 

Vdd=2V, Vo=0.5V 

1 



mA 


Pulse leak output current 

Ilkg 

Vdd=6V, Vo=6V 



1 

M 

8 

Key pullup input resistance 

Rkp 

Vdd=3.5V 


60 


KO 

9 

Key pulldown input resistance 

Rkd 

Vdd=3.5V 


2 


K Q 

9 

HKS pullup input resistance 

Rhk 

Vdd=3.5V 


30 


Kfl 


Tone output distortion 


Vdd S 4V 



-23 

dB 

10 

Pre-emphasis 

PEhb 

Vdd S 4V, R L =lkn 

1 

2 

3 

dB 


Memory retention current 

Imr 

: 


0.5 

EJ 




Note 5: All output pins in no-load state, clock stationary, on- Note 9: Resistance at which ROW pin or COL pin is scanned to 

hook. High/Low level by 125Hz. 

Note 6: All output pins in no-load state, key input, off-hook. Note 10: Unnecessary compo nent s ag ainst basic tone signal 

Note 7: Applies to MUTE and MOD pins. total power of ROW and COL pins. 

Note 8: Applies to MUTE, MOD, and PULSE pins. 


■ AC Characteristics 


Paramater 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Key bounce time 

tDB 


54 

70 

ms 

11 

Pulse rate 

Pr 


10 


pps 

12 


20 


13 

Break time 

tB 


68 


ms 

14 

Interdigital pause time 

tlDP 


1,000 


ms 

14 

15 

Mute overlap time 

tMOL 


6 


ms 

16 

Pre-digital pause time 

tPDP 


40 


ms 

14 

Tone output rate 

tOR 


220 


ms 



Note 11: Key input is accepted tDB after oscillation starts, if 
effective. 

Note 12: 10/20PPS SELECT pin connected to GND. 

Note 13: 10/20PPS SELECT pin connected to Vdd. 

Note 14: 10PPS pulse mode (1/2 in 20PPS pulse mode). 

Note 15: 120 ms in DTMF mode. 

Note 16: 3.5 ms in DTMF mode. 
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Pulse/Tone Dialer CMOS LSI 


LR4805 


Timing Diagram 

[2] input [MODI input[J] input[A~j input 

Key input —\ n__n n r 

H K tos j 

COL scan pin 


ROW scan 
HKS input 


MUTE output 
PULSE output 
TONE output 
MOD output 
OSCin 


" t DB tlDp(P) tlDp(T): 

h- j H . K 

^ ^J-U-tMOL(P) *|J* t MOL ( T) 

i_ru I I 

k— 4 

100 ms 

EZL.-JZI4- 

Tone burst 


Oscillator operation 
Normal dialing mode 


40N~I^- 

HOOK 


Oscillator operation Y ~ 

Automatic dialing mode 

(lOpps at pins 11 and 12, on pulse mode select) 


System Configuration 


Telephone line 
R 


IR9 ICRi 


XMTRLrJ rec 


a VdD MOD r < 

-jj GND SEL Rs < 

— 10/20PPS 

14 20 R i° 

— HKS TONE —VW- 


JRR B R G1S 

J 2500 type speech 

I network 

1 C 




1 

2 

3 

A R] P 

A /P 

4 

5 

6 

B P 

7_ 

8 

9 

C MOD 

* 

0 

# 

D — 


Keyboard 


Qi = 2N5401 
Q 2 ~ Q 5 = 1N5550 
CRi = CR033 
Di ~ D 8 = 1N4004 


8 PULSE - 

■iiE 

17 l; 

— r 2 mute - 

— R^ 

15 _ MODOUT - 

r 4 /OSCin js. ^ 


O SCout 


3.579545MHz 


Ri = 100k O R 5 = 220kO (KW) R 9 = 10MO 

R 2 = 3kO R 6 = 120kO Rio = lkO 

R 3 = 470kO R 7 = 2.5kO R u = 220 (W) 

R 4 = 1000 R 8 = 3.30 


Zj = 5.6V: 1N752 
Z 2 = 110V : 1N5379 
Si S 3 — Hook Switch 
Ci = 68 

Fi = 2N6660 


Zener Diode 
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Pulse/Tone Dialer CMOS LSI 


LR4806B 


LR4806B 


Pulse / Tone Dialer CMOS LSI 


■ Description 

The LR4806B is a CMOS LSI for the repertory 
dialer switchable between tone and pulse dialing. 

It offers one-touch dialing of up to 21 numbers, 
last number redial and other features. 


■ Features 

1. Switchable between DTMF tone dialing and 
pulse dialing modes 

2. The original mode in OFF HOOK state switch- 
able by a pin and the mode in dialing by a 
mode key 

3. Stores twenty 16 -digit telephone number mem- 
ory and recalls by one-touch in the same mode 
as the storing mode 

4. Stores a 32-digit telephone number redial 
memory and the mode memory and can clear it 
arbitrarily 

5. Switchable for pulse ratio (10pps/20pps) and 
for make ratio (33%/37%) in pulse dialing 
mode 

6. Hooking control input applied to on-hook dial- 
ing and speakerphone 

7. Beep-tone output for key input 

8. Auto-repeat dialing function (In other party’s 
absence, repeats recalls automatically at con- 
stant intervals) 

9. Flash signal output 

10. PABX pause storage 

11. A 3. 579545MHz color burst crystal can be 
used for the clock oscillator 

12. 28-pin dual-in-line package 


■ Pin Connections 



r a 


TEST (T 

0 

■28] MOD OUT 

10/20 pps (T 

~27\ M/B 

MOD [T 


26] OSCout 

MUTE [7 


25l OSCin 

HKS \j£ 


24] COLi 

HKCTL \T 


1 col 2 

ROWs (T 


22] COLs 

row 4 (T 


H) col 4 

rows GE 


ID COLs 

ROW 2 Qo 


j?) COLs 

ROWi [n 


I) COL? 

KEYTONE (T| 


17] COLs 

PULSE OUT [13 


H) Vdd 

GND Q7 


H TONE OUT 


^ J 

Top View 
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MOS ICs/LSIs 



CMOS Gate Array 


LZ92 Series 


LZ92 


Series 


CMOS Gate Array 


■ Descripition 

The LZ92 series employs the lastest silicon-gate 
CMOS technology, and features high speed and low 
power consumption. 

The LZ92 series uses a single + 5V power 
source, allowing a wide operating voltage range, 
and having a TTL-level I/O interface. 

The basic internal gate operates in a time delay 
of 2.8ns. Ten series are available depending on the 
number of gates : LZ92300, LZ92450, LZ92600, 
LZ92800, LZ921000, LZ921500, LZ922200, 
LZ923000,LZ924000 and LZ925000. 

As development is supported by CAD system, 
reliable development of special purpose LSI is 
possible in a short time. In choosing a series, con- 
siders that 90% of the internal gate can be used. 


■ LZ92 Series Device List 


Model 

Parameter 

LZ92300 

LZ92450 

LZ92600 

LZ92800 

LZ921000 

LZ921500 

LZ922200 

LZ923000 

LZ924000 

LZ925000 

No. of gates (as counted in terms 
of dual-input NAND gates) 

300 

• 450 

600 

816 

1010 

1500 

2240 

3145 

4009 

5000 

No. of I/O buffers 

37 

45 

51 

61 

67 

83 

97 

112 

128 

140 

Total No. of pins 

40 

48 

54 

64 

70 

86 

100 

120 

136 

150 

I/O level 

TTL/CMOS level 

Delay time 

Internal gate 

2.8 ns per gate (F.O. = 3, wire length 2mm) 

Input buffer 

TTL input 4.5ns/CMOS input 4.0ns (F.O. = 3, wire length 2mm) 

Output buffer 

4.5ns (CL=20pF) 

Supply voltage 

5V±5% (TTL interface)/5V ± 10% (CMOS interface) 

Power consumption 

Internal gate 

25^/W/gate (F.O. = 3, wire length 2mm, f=lMHz) 

Input buffer 

32 /j. W/gate (F.O. = 3, wire length 2mm, f=lMHz) 

Output buffer 

600 // W/gate (f=lMHz, C L = 20pF) 

Package 

DIP 

16,18,20 

22,24,28 

30,40 

16,18,20 

22,24,28 

30,40,42 

48 

18,20,22 

24,28,30 

40,42,48 

64 

18,20,22 

24,28,30 

40,42,48 

64 

22,24,28 

30,40,42 

48,64 

24,28,30 

40,42,48 

64 

24,28,40 

64 

40,64 

64 

64 

QFP 

36,44,48 

36,44,48 

36,44,48 

60 

36,44,48 

60,64 

44,48,60 

64,76 

44,48,60 

64,76,80 

96 

60,64,76 

80,96 

100 

64,76,80 

96,100 

76, 80, *96 
100 

76, 80, *96 
100 

SOP 

24 

24 

24 

24 

24 






PGA 








120 

120,144 

120 , 144,180 


DIP : dual-in-line package SOP : small-out-line package * Limited to 18 X 18 mm square type. 

QFP : quad-flat package PGA : pin-grid array 


■ Feature 

1. Short developing time 

2. Low development cost 

3. Suitable for ralatively small volume production 
but large variety of special-purpose LSIs 

4. Abundant series (for 300, 450, 600, 800, 
1000, 1500,2200, 3000,4000, and 5000 
gates) 
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CMOS Gate Array 


LZ92 Series 


■ Absolute Maximum Ratings 


Paramater 

Symbol 

| Ratings 

Unit 

Supply voltage 

Vcc 

in 

l 

CO 

0 

1 

V 

Input voltage 

Vi 

-0.3~Vcc+0.3 

V 

Output voltage 

Vo 

-0.3~Vcc 4-0.3 

V 

Operating temperature 

Topr 

— 10 — H70 

°c 

Storage temperature 

Tstg 

-55-4-150 

°c 


■ Recommended Operating Conditions 


Parameter 

Symbol 

TTL level 

CMOS level 

Unit 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Supply voltage 

Vcc 

4.75 

5 

5.25 

4.5 

5 

5.5 

V 

Operating temperature 

Topr 

-10 


4-70 

-10 


+ 70 

°C 


■ Electrical Characteristics (Vcc=5V±5%, Ta=-io~+70°c) 


Paramater 

Symbol 

Test conditions 

TTL level 

| CMOS level 

Unit 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Input low voltage 

VlL 




0.8 



1.5 

V 

Input high voltage 

VlH 


2.0 



3.5 



V 

Output low voltage 

VOL 

IoL=4mA ( 



0.4 



0.4 

V 

Output high voltage 

VoH 

Ioh= — 2mA 

2.4 



4.0 



V 

Input leakage current 

IlL 

Vi=0V— Vcc 

-10 


10 

-10 


10 

M 

Output leakage current 

Ioz 

High impedance status 

-10 


10 

-10 


10 

M 


■ Basic Cell Delay Time 

The following figure shows typical propagation 
delay times of a three-input NAND gate, two-input 
NAND gate, and inverter each configured with 
basic cells. 



(1) Logic cells 

Logic cells such as inverters, NAND gates, and 
NOR gates, and composite gates such as latches 
and flip-flops are available in 81 cell types. 

(2) Input/output buffer cells 

Buffer cells used in the periphery of a chip are 
available in 6 types of write-only buffers, 4 types 
of read-only buffers, and 4 types of read/write 
buffers: 14 types in all. 

■ Development of LSI Devices Using 
Gate Arrays 

For gate array development we provide the following: 

® Design manual 

(2) Cell library 

(3) Design form (2mm graph paper in A2 size) 

® Test pattern coding sheet 

© Logic template 

After completing logic design in accordance with 
the design manual, please submit the following to us: 
© Logic diagram 

® Input/output timing diagrams (test data) 
® Package specifications 
® Pin configuration 
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CMOS Gate Array 


LZ92 Series 


Development Sequence Flowchart for Gate Array LSI 


Client 


SHARP 


Presentation of 
LST 

specifications 


Simulation and 
approval 


Logic circuit diagram 




Timing chart (test data) 



Design manual 

Layout 



Cell library 

Package specification 


i 




Design manual 
Design remarks 
Function block 
Method of drawing logic 
circuit diagrams 
Method of making timing chart 



Sample making and 
mass production 


Critical path 
assignment diagram 
and specifications 


Logic circuit 
diagram 
Timing chart input] 

Machine write 
Logical circuit 
output 


I Logical simulationp 


Automated 
positioning 
Automated layout 


Timing simulation 


Writing design 

specification 

documents 



OK 

— 

LJ 

Mask making 


n 


Making master 

wafer 

(Before 

distribution) 



Master wafer 


LZ 92300 
LZ 92450 
LZ92600 
LZ92800 
LZ921000 
LZ921500 
LZ 922200 
LZ 923000 
LZ 924000 
LZ 925000 
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CCD Image Sensor 


LZ2020 


LZ2020 


CCD Image Sensor 


■ Description 

The LZ2020 is a CCD linear image sensor with 
2,048 PN photodiode elements, two 1,024 -bit ana- 
log shift registers, an output amplifier and com- 
pensation output amplifier on a single chip. 


■ Features 

1. Dynamic range 54dB (TYP.) 

2. Enhanced spectral response (particularly in the 
blue range) and excellent output uniformity 

3. Transfer efficiency 99.996% 

4. 2,048 elements on a single chip ; picture ele- 
ment size : 14 jjl mX 14 ftm 

5. On chip output amplifier and compensation 
amplifier 

6. All operating voltages under 15V 

7. 8 lines/mm resolution across a 256 mm page 

8. 24-pin dual-in-line package (Ceramic) 


■ Pin Connections 



Block Diagram 


Test 


Shift Registor 
Clock 


Reset 
Transistor 
Output Gate 
Gate Clock 


Reset 

Transistor 

Drain 
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CCD Image Sensor 


LZ2020 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Pin voltage* 

V T 

-0.3~±18 

V 

Operating temperature 

Voor 

— 25 — H55 

°C 

Operating temperature 



-40~±100 

°C 


* Voltage applied to any pin with respect to V ss . 


■ Electrical Characteristics 

(f*!=f# 2 = 0.2MHz, f RS =0.4MHz, T Int =10ms, V OD =15V, V rd =14V, Vog = 9V, V pg = 11V, Ta=25t:) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Dynamic range 

DR 

(1 X 2) 


54 


dB 

Saturation exposure 

SE 

(1) 

0.4 

0.7 

1.3 

lx*s 

Saturation output voltage 

V sat 

(1 X 2) 

400 

550 

650 

mV 

Sensitivity 

R 

(1 X 2) 

0.5 

0.8 

1.2 

V/lx-s 

Photo response non-uniformity 

PRNU 

(2 X 3) 


±7.5 

±10 

% 

Average dark signal 

ADS 

(2) 

0 

0.8 

5.0 

mV 

Dark signal non-uniformity 

DSNU 

(2) 

0 


5.0 

mV 

Spectrum range 

SR 


0.35 


1.1 

fj.m 

Power consumption 

P 

(2) 


150 


mW 

Output impedance 

Z 

(2) 


1.0 


kfi 


Condition (1) : Standard tungsten lamp, 2854°K 
Condition (2) : Load resistance, lk 

Condition (3) : Standard tungsten lamp, 2854°K, with 1-75 filter 


(1) Photo Response Non- Uniformity (PRNU) 

Bit voltage non-uniformity 

Within ±3.0% relative to the previous bit 

Vi I 

10 % 


ti = 120ns 
t 2 = 100ns 
t 3 = 160ns 

The output voltage shall settle within 100ns 
after <f> 1A has risen above 8 volts. 
(Waveform is observed with an oscilloscope.) 


n 

u 


u 

LL 


f 


Reference 


AV 


A\=\V i-j- 

AV 


Vi-] 


X 100^2 


where , i=l~2,048 

Effective bits : 0~2,047, Reference level is a voltage at reset. 

(2) Signal Rise Time 
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CCD Image Sensor 


LZ2020 


(3) Output during halt period 

f(Si=f,i2=0.5MHz, f RS =lMHz 

T In t = 2.2ms, V od =12V, V rd =14V, V og = 9V 

V PG =11V, Ta=25t: 

The output during the halt period shall be 7m V or lower, while the output level is kept at 125mV. 

Note : The test conditions (1), (2) and (3) are applicable to items (1), (2), and (3). 


■ Pin Capacitance (Ta=25‘C) 


Parameter 

Pin number 

TYP. 

Unit 

Shift register clock 

8, 9, 16, 17 

550 

pF 

Transfer gate clock 

13 

230 

pF 

Reset transistor gate clock 

4, 20 

10 

pF 

Output transistor source 

1, 23 

10 

pF 


■ Recommended Operating Conditions (Ta=25°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Output transistor drain voltage 

Vqd 


14.5 

15.0 

15.5 

V 

Reset transistor drain voltage 

Vrd 


13.5 

14.0 

14.5 

V 

Output gate voltage 

VoG 


8.0 

9.0 

10.0 

V 

Photo gate voltage 

VpG 

Vpg=V^ th +1(V) 

10.0 

11.0 

12.0 

V 

Test pins 1 and 2 

TP lf TP 2 


14.5 

15.0 

15.5 

V 

Test pins 3 and 4 

tp 3 , tp 4 



0 


V 

Shift register clock, low level 

t lAb t 2AL 
^ lBb t 2BL 


0 

0.5 

0.8 

V 

Shift register clock, high level 

^ 1AH* ^ 2 AH 
^ 1BH> ^ 2BH 


11.0 

12.0 

13.0 

V 

Transfer gate clock, low level 

V^tl 


0 

0.5 

0.8 

V 

Transfer gate clock, high level 

V 5&TH 


9.0 

10.0 

11.0 

V 

Reset gate clock, low level 

Vrsl 


0 

0.5 

0.8 

V 

Reset gate clock, high level 

Vrsh 


9.0 

10.0 

11.0 

V 

Shift register clock frequency 

UltoUlk 

4lB> f/2B 



0.5 


MHz 

Reset gate clock frequency 

^RS 



1.0 


MHz 
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CCD Image Sensor 


LZ2020 


■ Drive Signal Timing Chart 

|- Tin, : -j 

n * * — n — . — 

-T~ LT1J1JTJ _ LJTJ1J1JT^^ LTLT 

^2a, 02B i 1 1 ru i n 1 1 1 1 1 1 i Lij i i Li i i La 1 1 — n—1 i 

rs juuiruuuiAruuinm^ 



■ Photo-element Structure 



■ Standard Characteristics 

Dark current characteristics Spectral sensitivity characteristics 



Integration period rs (s) 
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High Voltage MOS 1C LZ1008AD 


LZ 1008 AD High Voltage MOS IC 

■ Description 

The LZ1008AD is a high voltage (300V) 8-out- 
put-port monolithic IC fabricated using Sharp’s 
advanced N -channel DMOS process. It can be used 
as a matrix driver for electroluminescent panels, 
plasma display panels, electrostatic printers and 
TTL-high voltage circuit interfaces. 


■ Features 

1. High voltage 300V (MIN.) 

2. Output current 35mA (TYP.) 

3. Mutual conductance 10m U (TYP.) 

4. TTL compatible 

5. DMOS process 

6. 18-pin dual-in-line package 


■ Equivalent Circuit 



■ Pin Connections 


sE 

r 

O 

Sot 

GiE 

hid 2 

GzE 


H)D3 

Gall 


DDd 4 

G4 E 


IDs 

GsE 


lD 6 

GeE 


Hd? 

g 7 DE 


IDs 

GsE 

^ J 

INC 

Top View 
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High Voltage MOS 1C 


LZ1008AD 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Conditions 

Ratings 

Unit 

Note 

Input high voltage 

BVin 

Applied to input pins. 

— 0.4 — + 15 

V 

1,2 

On-output high voltage 

Vo IN 

Applied to output pins at 

V in = 5.5V. 

-0.4- + 300 

V 

1,2 

Off-output high voltage 

Vo OFF 

Applied to output pins at 
V IN =0V. 

-0.4- + 600 

v 

1,2 

Power consumption 

Pd 

TaS25t: 

0.91 

w 


Derating ratio 


Ta> + 25“C 

9.5 

mW/t: 


Operating temperature 

T„ Dr 


— 20 — + 70 

°c 


Storage temperature 

Istg 


— 55 — b 155 

°c 



Note 1: The maximum applicable voltage on any pin with respect to GND. 

Note 2: Permanent damage will result if a voltage above the rated value is applied. 


■ Electrical Characteristics (Ta=-20~+70‘C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Output high voltage 

BVqut 

Vin=0V, I O ut == 20^A 

600 



V 


Output voltage 

Vout 

V in =5.5V, D=0.1% 



300 

V 

3 

Input high voltage 

bv in 

Iin = 20 ^A 

15 



V 


Threshold voltage 

Vp 

V OUT =10V, IouT^ 1 !/^^ 

0.8 


1.4 

V 

4 

Output current 

loUT 

V in =4.5V, V 0 ut = 300 V, D=0.1% 

30 

35 


mA 

3,4 

V in =2.5V, V OU t=300V, D=0.1% 

1.5 



Output leakage current 

Ilo 

Vin=0.4V, Vout^SOOV 



40 

juA 

5 

V I n = 0.8V, V O ut=300V 



/ 10 


4,5 

Input leakage current 

Ilin 

V IN =10V 

1.0 


5.0 

f*A 

4 

On-state resistance 

Ron 

Vin = 4.5V, I 0 ut = 5m A 



1.0 

kQ, 

4 

Mutual conductance 

G m 

V IN = 2.55V, V OU t=100V 

3 

10 


m U 

4 

Input capacitance 

Cin 

V IN = 0V, f= 1MHz 



10 

pF 



Note 3: D(duty cycle) =0.1%, see following waveform. 


o" '-w- n 

OFF 1 L 

l x i 

p t2 H 

Note 4: At Ta=25 0 C 

Note 5: The value for one HVMOST output pin. 


ti =10^s 
t 2 = 10ms 
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Output current Iout (mA) Output current Iout (mA) Q ON -state resistance Ron (kfl) 


High Voltage MOS 1C 


LZ1008AD 


■ Electrical Characteristics Curves (Ta=25°C unless otherwise specified) 


On-state resistance vs. Ambient temperature Threshold voltage vs. Ambient temperature 



-50 0 50 100 150 

Ambient temperature Ta (°C) 



utput current vs. Ambient temperature 


Input current vs. Ambient temperature 





Vout^SV 
' Vin=5V 

^ — 

- _ 




— 











-50 0 50 100 150 

Ambient temperature Ta (°C) 





Vix=10V 














-50 0 50 100 150 

Ambient temperature Ta (°C ) 


Output current vs. Output voltage 
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High Voltage MOS 1C 


LZ1016AD 


LZ1016AD 


High Voltage MOS IC 


■ Description 

The LZ1016AD is a high voltage (250V) 16-out- 
put-port monolithic IC fabricated using Sharp’s 
advanced N-channel DMOS process. It can be 
used as a matrix driver for electroluminescent 
panels, plasma display panels, electrostatic print- 
ers and TTL-high voltage circuit interfaces. 


■ Features 

1. High voltage output 250V (MIN.) 

2. Output current 45mA (TYP.) 

3. Internal 8-bit X 2-shift-register circuit 

4. Circuit expansion capability 

5. TTL compatible 

6. High speed data transfer (clock frequency 
4MHz) 

7. Single power supply : + 5V 

8. DMOS process 

9. 28-pin dual-in-line package 


■ Pin Connections 


Vcc Q~ 

S N 

O 

28) STB 

CLOCK U 


27) CL 

LS U 


26) Dout2 

Dim EE 


m DiN2 

Douti E 


llGND 

gndU 


UHVO 16 

HVOi d 


ID HVOis 

hvo 2 ii 


HhvOh 

HVO 3 QE 


IDHVOn 

HVO 4 E 


SIHV 012 

If 

O 

> 

X 


HHVO 11 

HVOeH 


DhVOio 

HVO 7 QI 


IUHV09 

HVOsd 


hi nc 


^ - J 

Top View 




■ Block Diagram 



High Voltage 
Output 


Truth Table 


Din 

CL 

STB 

HVMOST 

X 

L 

X 

OFF 

X 

H 

L 

ON 

L 

H 

H 

ON 

H 

H 

H 

OFF 
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High Voltagfe MOS 1C 


LZ1016AD 


■ Absolute Maximum Ratings (Ta=25t:) 


Parameter 

Symbol 

Conditions 

Ratings 

Unit 

Note 

Supply voltage 

Vcc 

Applied to the logic supply pin. 

-0.3~ + 7 

V 

1 

Input voltage 

V,N 

Applied to all input pin. 

— 0.3 — 1-7 

V 

1 

Output voltage 

VoUT 

Applied to the data output pin. 

— 0.3 — b7 

V 

1 

ON-output high voltage 

VhvO(ON) 

Applied to the high voltage 
output pin. 

—0.3 — H250 

V 

1,2,4 

OFF-output high voltage 

V HVO(OFF) 

Applied to the high voltage 
output pin. 

-0.3- + 350 

V 

1,3,4 

Power consumption 

Pd 

Ta^25°C 

600 

mW 


Derating ratio 


Ta> + 25°C 

5 

mW/°C 


Operating temperature 

Topr 


— 20 — 1-70 

°C 


Storage temperature 



— 55 — h 155 

°C 



Note 1: The maximum applicable voltage on any pin with respect to GND. 

Note 2: Applied when HVMOST is on. 

Note 3: Applied when HVMOST is off. 

Note 4: Permanent damage will result if a voltage above the started value is applied. 


■ DC Characteristics 


(1) HVMOST Characteristics (V CC =+5V+10%) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

ON-state resistance 

Ron 

HVMOST “ON” 
lHvo == 5mA, Ta=25 C 



650 

a 


Output current 

Ihvo 

HVMOST “ON” 

V„vo=250V, Ta=25t: 

40 



mA 

5 

Output leakage current 

UlI 

HVMOST “OFF” 

V H vo=300V, Ta=-20~70°C 



10 

M 

6 

Total output leakage current 

1 Itl 1 

HVMOST "OFF” 

V H vo=300V, Ta=-20~70°C 



30 

/-A 

7 


Note 5: D(duty circle) = 0.1%, see following waveform. 


ON 

OFF 


Fbli n 

h ‘z H 

ti = 10//s , t 2 = 10ms 


Note 6: Value for each HVMOST output pin. 
Note 7: Sum of total output leakage current. 


(2) Logic Section Characteristics (V cc -+5V±i0%,Ta--20~+70t:) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Icc 

> 

o 

II 

2 

> 



18 

mA 

Input high voltage 

Vih 


2.0 


Vcc 

V 

Input low voltage 

V IL 


-0.3 


0.8 

V 

Output high voltage 

VoH 

Ioh =— 0.5mA; applied to 

Douti, D OU t2* 

2.4 



V 

Output low voltage 

Vol 

I 0 L = l-6mA; applied to 

Douti, 0 O UT2- 



0.4 

V 

Input leakage current 

1 In. 1 

V in =0V~Vcc 



10 

M 
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High Voltage MOS 1C 


LZ1016AD 


■ AC Characteristics (v cc =+ 5 v±io%,Ta=- 20 ~+ 70 t:) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Clock frequency 

u 




4 

MHz 


Clock pulse width 

t ^ ^ t <f> 


100 



ns 


D in setup time 

t-DS 


60 



ns 


D in hold time 

t-DH 


60 



ns 


LS pulse width 

tLP 


150 



ns 


Clock to LS delay 

tcL 


0 



ns 


LS to clock delay 

tLC 


0 



■ 

ns 


Dqut delay 

tpD 

C L = 30pF + 1TTL 



190 

ns 

7 

LS to STB delay 

1-LSB 


0 



/is 


LS to CL delay 

1-LCL 


0 



MS 


STB pulse width 

tsp 


1 



MS 


CL pulse width 

tcLP 


1 



MS 


HVO fall time 

tpL 

C L = 2,200pF 

R L = 33kO 



50 

MS 

8 

HVO rise time 

tpH 



340 

fl s _ 

8 


Note 7: Applied to data output pins. 

Note 8: Applied to high voltage output pins; test circuit is as follows. 

Input signal conditions: LZ lOlf 

Input pulse level: +0.8 to +2.0V 
Input rise/fall time: 20 ns 
Time measurement level: 50% 


]t \ 

— 

7j 

GND 

r 


Rl =33kO 

HV (300V) 

C L 2,200 pF 


■ Pin Capacitance (V cc =ov, f=iMHz, Ta=25ti) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

Qn 

V IN =0V 


6 

10 

pF 

High voltage output 
pin capacitance 

Chvo 

V hvo =0V 


17 

30 

pF 


■ AC Timing Chart 
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High Voltage MOS 1C 


LZ1016AD 


I Electrical Characteristics Curves (V C c=5V, Ta= 25 °C unless otherwise specified) 


ON-state resistance vs. ambient 
temperature 



Ambient temperature Ta (°C) 



Output voltage Vhvo (V) 


Note 1 : The pulse described below is applied to CL. 


Output current vs. ambient temperature 



Ambient temperature Ta (°C) 



ti = 10/*s, t 2 = 10ms 

(D=0.1%) 
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High Voltage MOS 1C 


LZ1 032AM 


LZ1032AM 


High Voltage MOS IC 


■ Description 

The LZ1032AM is a high voltage (250V) 32-out- 
put-port monolithic IC fabricated using Sharp’s 
advanced N-channel DMOS process. It can be 
used as a matrix driver for electroluminescent 
panels, plasma display panels, electrostatic print- 
ers and TTL-high voltage circuit interfaces. 


■ Features 

1. High voltage output 250V (MIN.) 

2. Output current 45mA (TYP.) 

3. Internal 32-bit shift register circuit 

4. Expandable circuit structure 

5. TTL compatible 

6. High speed data transfer (clock frequency 
4MHz) 

7. Single power supply : + 5V 

8. DMOS process 

9. 44-pin quad-flat package 


■ Pin Connections 



■ Block Diagram 
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High Voltage MOS 1C 


LZ 1032AM 


■ Absolute Maximum Ratings (Ta=25ti) 


Parameter 

Symbol 

Conditions 

Ratings 

Unit 

Note 

Supply voltage 

V CC 


-0.3- + 7 

V 

1 

Input voltage 

V,N 

Applied to input pins. 

1 

© 

CO 

l 

+ 

-o 

V 

1 


VoUT 

Applied to data output pins. 

-0.3- + 7 

V 

1 

Output voltage 

V HVCKON) 


— 0.3 — 1-250 

V 

1,2 


v HVO(OFF) 


— 0.3 — F350 

V 

1,3 

Power consumption 

Pd 

Tai25“C 

600 

mW 


Derating ratio 


Ta> + 25t? 

5 

mW/°C 


Operating temperature 

T„ or 


-20- + 70 

°c 


Storage temperature 

Zstg 


— 55 — b 150 

°c 



Note 1: The maximum applicable voltage on any pin with respect to GND. 
Note 2: The maximum applicable voltage when HVMOST is ON. 

Note 3: The maximum applicable voltage when HVMOST is OFF. 


■ DC Characteristics 

(1) HVMOST Characteristics (V CC =+5V±10%) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

ON-state resistance 

Ron 

HVMOST “ON” 

Ihvo~ 5mA, Ta=25 C 



650 

n 


Drain current 

Wo 

HVMOST “ON” 

V H vo= 250V, Ta=25'C 

40 



mA 

4 

Output leakage current 

II 

HVMOST “OFF” 
V H vo=300V,Ta=-20~+70t 



10 

M 

5 

Output total leakage current 

Itl 

HVMOST "OFF” 

V H vo= 300V, Ta=20~70'C 



30 

M 

6 


Note 4: Duty circle=0.1%, with 10 /*s ON-period. 
Note 5: The value for one HVO output pin. 

Note 6: The total leakage current of HVO. 


(2) Logic Characteristics (V<2c=+5V±l0%,Ta=— 20—+70C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Icc 

V IN =0V 




mA 

Input high voltage 

V,„ 


2.0 


V CC 

V 

Input low voltage 

V,L 


-0.3 


0.8 

V 

Output high voltage 

VoH 

I O H = ~0-5mA, Applied to D G ut 

2.4 



V 

Output low voltage 

Vol 

I 0 l— 1.6mA, Applied to D OUT 



0.4 

V 

Input leakage current 

IlL 

V 1N =0V~V cc 



10 

M 


812 


SHARP 








High Voltage MOS 1C 


LZ1 032AM 


■ AC Characteristics 


(V CC = + 5V + 10%, Ta=-20~ + 70°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Clock frequency 

f 4> 




4 

MHz 


Clock pulse width 

t <f> , t ^ 


100 



ns 


D in setup time 

tDS 


60 



ns 


D in hold time 

tDH 


60 



ns 


LS pulse width 

tLP 


150 



ns 


Clock to LS delay 

tcL 


0 



ns 


LS to clock delay 

tLC 


0 



ns 


Dout delay 

tpD 

C L (D OUT ) = 30pF-hlTTL 



190 

ns 


LS to STB delay 

tLSB 


0 



ns 


LS to CL delay 

tLCL 


0 



ns 


STB pulse width 

tsp 


1 



^s 


CL pulse width 

tcLP 


1 



^s 


HVO fall time 

tpL 

C L (HVO)=2,200pF, R L =33kO 

« 


50 

/IS 


HVO rise time 

tpH 

C L (HVO)=2,200pF, R L =33kfl 



340 

/IS 

7 


Note 7: The output delay depends on the load condition. 

Test conditions: 

Input pulse level: + 0.8 to + 2.0V 
Input rise/fall time: 20 ns 
Time measurement level: 50% 

HVO output load condition: See figure. 


HV (300V) 


LZ 1032AM 



■ Capacitance (v cc =ov, f=iMHz, Ta=25°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

ClN 

> 

o 

II 

X 

> 


6 

10 

pF 

Output capacitance 

Chvo 

Vhvo = 0V 


17 

30 

PF 


All pins except for the pin under measurement are grounded. 
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High Voltage MOS 1C 


LZ1 032AM 


AC Timing Diagram 



■ Example of Application 

The following is a thin film EL matrix panel 
drive circuit fabricated by application of the high 
voltage MOS IC. 



Note : The thin film EL matrix panel is a capacitive load. 
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High Voltage MOS 1C 


LZ1108AD 


LZ 11 08 AD High Voltage MOS IC 

■ Description ■ Pin Connections 

The LZ1108AD is a monolithic FET array fabri- 
cated using Sharp’s abvanced P-channel DMOS 
process. It provides voltage as high as 600V in 
input-off state, and permits stable operation at 
300V drain voltage in input on state. It can be 
used as a matrix driver for electroluminescent 
panels, plasma display panels, and electrostatic 
printers. 


■ Features 

1. High voltage 300V (MIN.) 

2. High density 8 output/package 

3. Output current 20mA (TYP. : V H vo = 300V) 

4. High mutual conductance 7.5m 13 (TYP.) 

5. DMOS process 

6. 18-pin dual-in-line package 



t > 


sU 

r\ 

m Di_ 

Gi Q[ 


13 d 2 

g 2 U 


i<0 Ds 

63 (T 


15j d 4 

G , [7 


Til D 5 

Gs G[ 


H De 

Ge \T 


m d 7 

G? (T 


ID d 8 

Gs |T 


H NC 


^ J 




Top View 


■ Equivalent Circuit 


Drain 1 Drain 8 
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High Voltage MOS 1C LZ1108AD 


■ Absolute Maximum Ratings (Ta=25"C) 


Parameter 

Symbol 

Conditions 

Ratings 

Unit 

Note 

Input high voltage 

bv in 

Apply to input pins. 

— 15 — h 0.4 * 

.V 

1,2 

/ ON-output high voltage 

BVo on 

' /, 

Applied to the output pin, 
when V: in =5.5V. 

— 300 — H0.4 

V 

1,2,3 

OFF-output high voltage 

B V o OFF 

Applied to the output pin, 
when V IN =0V. 

— 600 — h0.4 

V 

1,2 

Power consumption 

Pd 

Ta^25'C 

600 

mW 


Derating ratio 


Ta> + 25‘C 

5 

fflW/t 


Operating temperature 

T oor 


-20- + 70 

°C 


Storage temperature 

Iks 


— 55 — b 150 

°c 



Note 1: The maximum applicable voltage on any pin with respect to S (Source). 

Note 2: Permanent damage will result if a voltage above the stated value is applied. 
Note 3: D (duty cycle) = 0.1 %, ON time = 10 jus. 


■ Electrical Characteristics (Ta--20~+70°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Output high voltage 

BVqut 

Vi N = 0V, I OU t=-20^A 

-600 



V 


Output voltage 

Vout 

V IN = — 5.5V, D=0.1% 



-300 

V 

4 

Input high voltage 

bv in 

Iin = ~~ 20 fx A 

-15 



V 


Threshold voltage 

Vp 

Vout == 10V, IoUT = ~l 

-1.1 


-1.7 

V 

5 

Output current 

loUT 

V IN =-4.5V, Vout=-300V, D=0.1% 

-15 

“20 


mA 

4,5 

V IN =-2.5V, V OU t=-300V, D=0.1% 

-1 



Output leakage current 

1 Ilo 1 

V in =-0.4V, V OU t=-600V 



10 

M 

6 

Vi N = — 0.8V, Vout= -600V 



10 

fxk 

5,6 

Total output leakage current 

1 Itlo 1 

V in =-0.4V, V OU t=-600V 



30 

V A 

7 

V in = — 0.8V, Vout=-600V 



30 

M 

5,7 

Input leakage current 

1 Ilin 1 

V in =-10V 

1 


5 

M 

5 

ON resistance 

Ron 

V IN = — 4.5V, IouT=-lmA 



2 

kfi 

5 

Mutual conductance 

G m 

V IN = - 3.0V, V OU T= “ 1 50V 

3 

7.5 


111 u 

5 

Input capacitance 

ClN 

Vi N =0V, f= 1MHz 



10 

pF 



Note 4: 


Note 5 
Note 6 
Note 7 


D (duty cycle) = 0.1%; see following waveform. 
OFF 


ON 


Ta=25°C 
Value for each HVMOST output pin. 
Sum of total HVMOST output current. 


- ^ 


— 

U 

j ti = 10//s 

t 2 = 10ms 


| c 

t2 J 
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Output current Iout (mA) (D — 0. 1%) 


High Voltage MOS 1C 


LZ1108AD 


■ Electrical Characteristics Curves 
Output current vs. Output voltage 



Output voltage V out (V) 
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High Voltage MOS 1C 


LZ1116AD 


LZ1116AD High Voltage MOS IG 


■ Description 

The LZ1116AD is a high voltage (— 300V) 
16-output-port monolithic IC fabricated using 
Sharp’s advanced P-channel DMOS process. It 
can be used as a matrix driver for electrolumines- 
cent panels, plasma display panels, electrostatic 
printers. 


■ Features 

1. High voltage output 300V (MIN.) 

2. Output current 30mA (TYP. : V HV o = 300V) 

3. Internal 8 -bit X 2 -shift-register circuit 

4. Expandable circuit structure 

5. High speed data transfer (clock frequency 
4MHz) 

6. Single power supply : — 5V 

7. DMOS process 

8. 28-pin dual-in-line package 


■ Pin Connections 



f > 


Vcc [T 

r\ 

28] STB 

CLOCK [_2_ 


27) CL 

LS (T 


~26] D 0 UT 2 

Dim [7 


25] DlN2 

Douti jjT 


HI GND 

NC (T 


23) HVOie 

HVOi |T 


22) HVOis 

HVOz |T 


13 HVOu 

hvo 3 GE 


20j HVO 13 

HVO 4 (To 


H] HVO 12 

HVOs (n 


18] HVO 11 

HVOe Of 


23 HVO 10 

HVO? 01 


ID hvo 9 

, HVOs [U 


m nc 


^ J 

Top View 


■ Block Diagram 
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High voltage MOS 1C 


LZ1116AD 


■ Absolute Maximum Ratings (Ta=25°C) 


Parameter 

Symbol 

Conditions 

Ratings 

Unit 

Note 

Supply voltage 

V CC 

Applied to the logic supply pin. 

— 7 — b0.3 

V 

1 

Input voltage 

VlN 

Applied to all input pins. 

-7- + 0.3 

V 

1 

Output voltage 

VoUT 

Applied to the data output pin. 

— 7 — (-0.3 

V 

1 

ON-output high voltage 

M HVO(ON) 

Applied to the high voltage 
output pin. 

— 300 — 1-0.3 

V 

1,2,4 

OFF-output high voltage 

V HVO(OFF) 

Applied to the high voltage 
output pin. 

— 300 — h0.3 

V 

1,3,4 

Power consumption 

Pd 

TaS25t: 

600 

mW 


Derating ratio 


Ta> + 25‘C 

5 

mW/t 


Operating temperature 

Toor 


-20- + 70 

°c 


Storage temperature 

Tstif 


0 

LO 

+ 

1 

LO 

LO 

1 

°c 



Note 1: The maximum applicable voltage on any pin with respect to GND. 

Note 2: Applied when HVMOST is ON. D (duty cycle) = 0.1%, ON time = 10 /us 
Note 3: Applied when HVMOST is OFF. 

Note 4: Permanent damage will result if a voltage above the stated value is applied. 


■ DC Characteristics 

(1) HVMOST Characteristics (V CC = + 5V + 10%) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

ON-state resistance 

Ron 

HVMOST “ON” 

Ihvo = 1mA, Ta=25 C 



1.3 

kO 


Output current 

Ihvo 

HVMOST “ON” 

V H vo=-300V, Ta=25‘C 

-20 

-30 


mA 

5 

Output leakage cuprent 

1 II 1 

HVMOST "OFF” 

V„ vo =-300V, Ta=-20~+70t 



10 

M 

6 

Total output leakage current 

1 Itl 1 

HVMOST “OFF” 

V„ vo =-300V, Ta=-20~+70t 



10 

M 

! 

6 


Note 5: D (duty cycle) = 0.1%; see following waveform. 



ti 


U 

ti = 10/*s 


L », J 

t 2 = 10ms 


Note 6: Value for each HVMOST output pin. 
Note 7: Sum of total output leakage current. 


(2) Logic Section Characteristics (V cc =+5V±l0%,Ta=-20~+70“C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Icc 

> 

o 

II 

2 

> 

J 


-6 

-12 

mA 

Input high voltage 

V,H 


-0.8 


0.3 

V 

Input low voltage 

VjL 


V CC 


-2.4 

V 

Output high voltage 

VoH 

I 0 h =— 0.5mA; applied to 

HoUTl» t>OUT2 

-0.5 



V 

Output low voltage 

VqL 

I 0 l— 1.6mA; applied to 

Douti» Dout2 



-2.5 

V 

Input leakage current 

IlL 

V IN = 0V~V cc 



10 

M A 
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High Voltage MOS 1C 


LZ1116AD 


■ AC Characteristics (v cc =+5v.±io%,Ta=-20~+70°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Clock frequency 

4 




. 4 

MHz 


Clock pulse width 

t <f> , t jA 


125 



ns 


D in setup time 

1-DS 


60 



ns 


D in hold time 

t-DH 


60 



ns 


LS pulse width 

1-LP 


150 



ns 


Clock to LS delay 

tcL 

, 

0 



ns 


LS to clock delay 

tLC 


0 



ns 


Dqut delay 

tpD 

C L =30pF 



250 

ns 

7 

LS to STB delay 

^lsb 


0 



/4S 


LS to CL delay 

1-LCL 


0 



/IS 


STB pulse width 

tsp 


1 



/IS 


CL pulse width 

tcLP 


1 



/IS 


HVO fall time 

tpL 

C L =900pF, 



15 

/IS 

8 

HVO rise time 

tpH 

R L = 20kfl 



60 

/IS 

8 


Note 7: Applied to data output pins. 

Note 8: Appiled to high voltage output pins; test circuit is as follows. 

Input signal conditions: 

Input pulse level: — 2.0 to —0.8V 
Input rise/fall time: 20 ns 
Time measurement level: 50% 


LZ1116AD 



Ri. = 20kft 

> HV ( -300V ) 

t Ci =900pF 


■ Capacitance (V cc =ov,f=iMHz, Ta=25“C) 


Parameter 

Symbol 

( Conditions ! 

MIN. 

TYP. 

MAX. 

Uni 

Input capacitance 

ClN 

> 

o 

II 

2 

> 


6 

10 

pF 

Output capacitance 

Chvo 

i V„v„=0V 


17 

30 

PF 









High Voltage MOS 1C 


LZ1 132AM 


LZ1 132AM 


High Voltage MOS IC 


■ Description 

The LZ1132AM is a high voltage (300V) 32-out- 
put-port monolithic IC fabricated using Sharp’s adva- 
nced P-channel DMOS process. It can be used as a 
matrix driver for electroluminescent panels, plasma 
display panels, electrostatic printers. 


■ Features 

1. High voltage output 300V (MIN.) 

2. Output current 30mA (TYP. : Vhvo = 300V) 

3. Internal 3 2 -bit shift register circuit 

4. Expandable circuit structure 

5. High speed data transfer (clock frequency 
4MHz) 

6. Single power supply : — 5V 

7. DMOS process 

8. 44-pin quad-flat package 


■ Pin Connections 



■ Block Diagram 
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High Voltage MOS 1C 


LZ1 132 AM 


■ Absolute Maximum Ratings <Ta-25°C) 


Parameter 

Symbol 

Conditions 

Ratings 

Unit 

Note 

Supply voltage 

Vcc 


— 7~-f 0.3 1 

V 

1 

Input voltage 

V IN 

Applied to all input pins. 

-7- + 0.3 

V 

1 


VoUT 

Applied to the data output 

— 7 — h-0.3 

V 

1 

Output voltage 

V HVO(ON) 


— 300 — K0.3 

V 

1,2 


V HVO(OFF) 


— 350 — b0.3 

V 

1,3 

Power consumption 

Pd 

13^2513 

600 

mW 


Derating ratio 


Ta> + 25°C 

5 

mW/t 


Operating temperature 

t„ d ; 


— 20 — b70 

°c 


Storage temperature 

T stg 


-55- + 150 

°c 



Note 1: The maximum applicable voltage on any pin with respect to GND. 

Note 2: The maximum applicable voltage when HYMOST is ON. D (duty cycle) = 0.1%, ON time = 10 jus 
Note 3: The maximum applicable voltage when HYMOST is OFF. 


■ DC Characteristics 


(1) HVMOST Characteristics (V CC --5V±10%) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

ON-state resistance 

Ron 

HVMOST “ON” 

Ihvo = 1mA, Ta=25 C 



1.3 

0 


Output current 

Ihvo 

HVMOST “ON” 

V H vo=-300V, Ta=25°C 

-20 

-30 


mA 

4 

Output leakage current 

UlI 

HVMOST “OFF” 

V H vo=-300V, Ta= - 20~ + 70”C 



10 

M 

5 

Total output leakage current 

1 Itl 1 

HVMOST “OFF” 
V„vo=-300V,Ta==20~70t: 



30 


6 


Note 4: Duty cycle = 0.1 %, ON time = 10 /us 
Note 5: Value for each HVMOST output pin. 
Note 6: Sum of total output leakage current. 


(2) Logic Section Characteristics (V cc — + 5V±io%,Ta— — 20~ + 70'C) 


Parameter 

Symbol 

Conditions ! 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Icc 

> 

o 

II 

2 

> 


-8 

— 16 

mA 

Input high voltage 

v IH 


-0.8 


0.3 

V 

Input low voltage 

V, L ■ 


V C cc 


-2.4 

V 

Output high voltage 

Von 

Ioh = “0.2mA; applied to D G ut 

-0.5 



V 

Output low voltage. 

V OL 

IoL^l-OmA; applied to Dqut 



-2.5 

V 

Input leakage current 

IlL 

V IN = 0V~V cc 



10 

M 
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High Voltage MOS 1C 


LZ1 132AM 


■ AC Characteristics 


(V CC =5V±10%, Ta= — 20 — t-70°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Clock frequency 

0 




4 

MHz 


Clock pulse width 

t $ , t $ 


125 



ns 


D in setup time 

1-DS 


60 



ns 


D in hold time 

tDH 


60 



ns 


LS pulse width 

tLP 


150 



ns 


Clock to LS delay 

tcL 


0 



ns 


LS to clock delay 

1-LC 


0 



ns 


Dout delay 

tpD 

Cl (Dout) = 30pF 



250 

ns 


LS to STB delay 

1-LSB 


0 



ns 


LS to CL delay 

tLCL 


0 



ns 


STB pulse width 

tsp 


1 



/IS 


CL pulse width 

tcLP 


1 



/IS 


HVO fall time 

tpL 

C L (HVO) = 900pF, R L =20kH 



15 

/IS 


HVO rise time 

tpH 

C L (HVO) = 900pF, R L =20kn 



600 

/IS 

7 


Note 7: Output delay time varies depending on load condition. 


H V ( — 300 V ) 


Test conditions: 

Input pulse level: —2.0 to + 0.8V 
Input rise/fall time: 20 ns 
Time measurement level: 50% 

HVO output load conditions (figure at right). 


LZ1 132AM 


-«5 


HVO 


Ci =900pF 


■ Capacitance (v cc =ov, f=iMHz, Ta=25°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

Cin 

> 

o 

II 

> 


6 

10 

pF 

Output capacitance 

Chvo 

! V H vo = 0V 


17 

30 

pF 


All pins except pin being measurement are counnected to GND. 


■ AC Timing Diagram 
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Electronic Melody Generator CMOS LSI 


LR3461 


LR3461 


Electronic Melody Generator CMOS LSI 


■ Description 

The LR3461 is a CMOS LSI with melodies and 
alarm functions. It can be used in music boxes 
and alarm sound generators. 


■ Features 

1. Melody with accompaniment 

2. Mask ROM programmable 

3. 8 melodies (3-melody select inputs) 

4. Loudness volume control function 

5. Melody envelope controlled by external CR cir- 
cuit 

6. CR controlled oscillation system (with external 
resistor) 

7. Single power supply : —1.5V 

8. CMOS process 

9. 2 2 -pin dual -in line package 


■ Pin Connections 


NC |T 

z' \ 

O 

H NC 

Tz U 

m vdd 

OSCin (T 


H NC 

OSCout E 


H MH 

ma n; 


m ml 

st E 


ID si 

Si (T 


1 SOz 

s 2 Cl 


U SOi 

s 3 [T 


S EVz 

Ti Bo 


H EVi 

Vss El 


1 Tz 


V J 

Top View 


■ Block Diagram 


Oscillation 
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Electronic Melody Generator CMOS LSI 


LR3461 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Pin voltage* 1 

Vti 

+ 0.3 3.0 

V 

Pin voltage* 2 

V T2 

+ 0.3~Vdd— 0.3 

V 

Operating temperature 

Topr 

-10- + 50 

°c 

Storage temperature 

Tstg 

-20- + 100 

°c 


* 1 : Applied to Vdd pin. Referenced to V ss . 

* 2 : Applied to pins other than Vss and Vdd. Refers to the Vss pin. 


■ Recommended Operating Conditions (Ta=25'C) 


Parameter 

Symbol 

Specifications 

Unit 

Supply voltage 

VDDa 

— 2.0 1.2 

V 

Ext. resistor for 0SC 

Rs 

390 + 5% 

kfl 


■ Electrical Characteristics (Vdd=-i.5V, Ta=25‘C) 


Parameter 

Symbol 

Test conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input voltage 

VlH 


-0.3 



V 

1 

VlL 



-1.2 

Input current 

IlHl 

Vih=0V 


2 

10 

M 

IlH2 

Vih=0V 

10 


200 

M 

2 

Output current 

lOHl 

Voh= —0.5V 

250 



M 

3 

Ioh 2 

Voh=— 0.5V 

3 



M 

4 

IOL2 

Vol=-1V 

3 



IOH3 

Voh=— 0.5V 

5 ! 



M 

5 

IOL3 

Vol=~1V 

200 



IOH4 

Voh= — 0.5 V 

200 



M 

6 

IOL4 

< 

0 

r- 

II 

1 

< 

5 



Supply current 

Idds 

Standby state with no load 



3 

M 


iDDa 

Melody ON with no load 



1 

mA 



Note 1: Applied to ST, S 1 -S 3 , and MA pins. 
Note . 2: Applied to SI pin when melody is OFF. 
Note 3: Applied to EVi and EV 2 pins. 


Note 4: Applied to SOi and SO 2 pins. 

Note 5: Applied to ML pin; Ioh is for melody OFF. 
Note 6: Applied to MH pin; Iol is for melody OFF. 


■ Melody Specifications 

<No. of tunes) Max. 8 
<R 0 M> 600 steps x 13 bits 
<Sound source) 2 channels 
(Coverage) 2.5 octaves 



Note; given in parentheses are output only for 
attack sounds. 

(Tempo) Variable at 15 steps each (minimum 
length of note is selectable between 31 
and 468 ms.) 

(Length of notes) 2 types (other types are made 
available by controlling step 
count.) 

If the shortest note in a tune is P , the two types 
of note, P and P , can be specified in a step. The 


length of notes is controlled with “1” and “0”. 


J = J>(1)+ J>(0) 2 steps 

J. = J>(1)+ J>(0)+ >(0) 3 steps 

J> = J>(1) + P (0) 2 steps 


Numbers given in parenthese provide envelope 
control. 


(No. of repeated plays) 1 to 15 endless 
(A single play with auto stop can be specified by 
connecting the T 3 input to Vdd, overriding the num- 
ber of repeated plays specified in ROM.) 

(Command types) Melody command 


Control commands - 


• Jump command 

- Set Repeat Count command 

- End command 
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Electronic Melody Generator CMOS LSI 


LR3461 


<Command configuration) 


II ~I 5 

J Main melody tones 

I 6 

Main melody envelope control 

I7 ~ 111 

Accompaniment tones 

I12 

Accompaniment envelope control 

bl 3 

Length-of-note control 


<Music selection) 

One of eight pieces of music is selected by the 
status of the music select input Si to S 3 . Since 
these inputs are provided with pull-down resis- 
tors, they may be connected to Vss or be left open. 

If the status of the music select input is changed 
during play, the newly selected piece of music will 
be played from the beginning at that point. 

LR3461(A version of the LR3461 into which 
the following pieces of music have been written in 
at Sharp:) 


Si 

S2 

s 3 

Music 

Remarks 

H 

H 

H 

For Elise 

Beethoven 

L 

H 

H 

Lorelei 

German song 

H 

L 

H 

The Smith in the Village 

Japanese children's song 

L 

L 

H 

Romance of Love 

Spanish song 

H 

H 

L 

Sakura Sakura 

Japanese old folk song 

L 

H 

L 

Annie Rolley 

Scottish song 

H 

L 

L 

Green Sleeves 

English fork song 

L 

L 

L 

Cuckoo 

German song 


H: Vss, L: Vdd or open (specifies endless for all the 
pieces.) 


<Melody Start / Stop) 

(D One shot type (repeat 1 — 15 times) 


Start input ST _TL 
Mode input MA 

Melody output ^ 1 


n 


i_r 


OFF 

Hold type (repeat 1~15 times) 


_ X 1 " 

Auto stop 


Forced stop 


Start input ST 


Mode input MA 

ON I I 

Melody output | L 

OFF Z' 

Auto stop 


® Hold type (endless) 
Start input ST__J ~ 

Mode input MA 

Melody output _J 
OFF 



Forced stop 



Forced stop 


■ System Configuration 



Tri : 2SC1383 
Trz : 2SA683 
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Electronic Melody Generator CMOS LSI 


LR3462 


LR3462 


Electronic Melody Generator CMOS LSI 


■ Description 

The LR3462 is a CMOS LSI with melodies and 
alarm function. 


■ Features 

1. Mask ROM programmable 

2. 8 melodies (3 -melody select input) 

3. Capable of driving piezo electric buzzer 

4. CR controlled oscillation system (with external 
resistor) 

5. Single power supply : —1.5V 

6. 18-pin dual -in-line package 


■ Pin Connections 



/ > 


Si (T 

r\ 

m st 

S 2 [T 


17] MA 

s 3 (T 


T6] OSCout 

Ti |T 


m oscin 

Vss |jT 


13 T 3 

t 2 |t 


m vdd 

NC \T 


m nc 

NC [F 


U so 

nc QT 


To] so 


^ J 




Top View 


■ Block Diagram 


Oscillation 
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Electric Melody Generator CMOS LSI 


LR3462 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 

Pin voltage 

V T i 

— 0,3 — HO. 3 

V 

1,3 

Pin voltage 

V T2 

V TI — 0.3 — 1-0.3 

V 

2,3 

Operating temperature 

T ODr 

— 10 — H50 

°c 


Storage temperature 

Tsts 

— 55- + 150 

°c 



Note 1: Applied to Vdd pin. 

Note 2: Applied to pins except Vss, Vdd. 
Note 3: Referenced to Vss- 


■ Recommended Operating Conditions (Ta=25*C) 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Supply voltage 

Vdd 

-2 


-1.2 

V 


Oscillator frequency 

fosc 


33 


kHz 

4 


Note 4: The variable resistance Rs externally attached between pins 15 and 16 varies between 0 - 
1MO. When variance in the oscillation frequency between pins is permitted, use a fixed 
resistance Rs = 680kf2±5%. (Note that when measuring the OSCqut signal, variations in 
the oscillation frequency may be caused by the input impedance of the measuring device.) 


■ Electrical Characteristics (V DD =-i.5V,Ta=25°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input voltage 

V,„ 


-0.3 



V 

5 

V 1L 

i 



-1.2 

Input current 

Ith 

> 

© 

II 

x\ 

> 


2 

10 

M 


Output current 

IoH 

Voh=-0.5V 

800 



M 

6 

IoL 

. Vol=V dd + 0.5V 

800 



Current consumption 

IdDs 

Standby, no-load 



3 

M 


Idd 3 

Merody ON, no-load 



1 

mA 



Note 5: Applied to pins ST, SI, S2, S3, MA 
Note 6: Applied to pins SO, SO 
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Electric Melody Generator CMOS LSI 


LR3462 


Melody Specifications 

(Number of melodies) Max. 8 
<ROM> 600 steps 

(Sound source) 1 sequence 

(Sound range) 2.5 octaves 

(Tempo) 15 steps each (select 

minimum note length 
between 31 and 468 
ms) 

(Note length) 2 types (lengths other 

than these are realized 
by the number of steps) 
Example : When the longest note in the melody 
is P , the two types of notes that can be spe- 
cified for one step are P and P . The length 
of notes is controlled using “1” and “0”. 

J = P (1) + P (0) 2 steps 

J. = P (1) + P (0) + P (0) 3 steps 

P = P (1) + P (0) 7 steps 


value in parentheses ( ) : envelope control 
(Times played) 1 to 15 or endless (by con- 

necting the T 3 input to V DD , the melody can 
be set to play once and then turn off auto- 
matically.) 

(Commands) Melody commands 
-Jump command 
-Times repeat command 
-End command 


Control 

commands 


(Melody selection) One of the eight melodies is 
selected depending on the state of the melody 
selection inputs Si~S 3 . The melody selection 
input pins have a built-in pull-down resist- 
ance, so they can be connected to Vss or used 
open. When the state of the melody selection 
inputs changes during play, the melody speci- 
fied is played from the first. 


(Melody start and stop) 


(1) One shot type (repeats 1 to 15 times) 

Start input ST _TL 


Mode input MA 
ON 


Melody output 


OFF 


i_r 


_r 


(2) Hold type (repeats 1 to 15 times) 

Start input ST _r 


Auto stop 


Forced stop 


Mode input MA 
ON 


Melody output 


OFF 


_r 


(3) Hold type(repeats indefinitely) 

Start input ST _r 


Auto stop 


Forced stop 


Mode input MA 
ON 


Melody output 


OFF 


_r 


Forced stop 
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Electric Melody Generator CMOS LSI LR3462 


■ System Configuration 



■ LR3462/ (LSI with melodies written by Sharp) 


Si 

S 2 

S3 

Melody 

H 

H 

H 

When the Saints Go Marching in 

L 

H 

H 

Twinkle Twincle Little Star 

H 

L 

H 

Bridal March 

L 

L 

H 

Silent Night 

H 

H 

L 

0 Sole Mio 

L 

H 

L 

For Elise 

H 

L 

L 

Wedding March 

L 

L 

L 

Jingle Bells 


H: High, L: Low 
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Voice Synthesizer CMOS LSI 


LR3681 


r J 


LR3681 


Voice Synthesizer CMOS LSI 


■ Description 

The LR3681 is a voice synthesizer CMOS LSI. 
The integration of all the functions required for 
generating voice output enables voice synthesizer 
systems to be easily composed. 


■ Features 

1. Voice output period of time : 4 ~ 5sec 

(The voice quality is determined by the length 
of voice generated) 

2. Available sound sources include male, female 
voices and effect sounds 

3. Voice synthesis method is based on a wave- 
form encoding system 

4. 32K bits of data ROM on chip 

5. Expandable up to 128K bits of external ROM 

6. Internal 8 -bit of D/A converter 

7. Time base : 4.19MHz crystal 

8. Single power supply : — 3V 

9. CMOS process 

10. 48-pin quad -flat package 


Pin Connections 


oot~ lDl r.rrQ„ CM „JCJU 

OOOOOZOOOOC/icfl 

wwwwwowwwcoo 



Top View 


Block Diagram 


ACL (27)" 




GND |@ 

V D d(3V)@ 


ACL 


CG 


DATA ROM 
4096X8 


SP(9) | 


[ PC(9) 


Control 

ROM 

512X18 


RAM 

24X8 


u-tzn: 


ALU 


A(8) 


B(6) 


I I 1 t 1 I ♦ 1 l I I T 


TT 


A cC (8) 


I 


C(6) 


D/A 


IN(8) | 


Speech 

Output 


-4)44x14)4)4)4) — ©-©— (^4444-44^444 




Address Output for Interface 
to External ROM 


v_ 


, 

Data Input Control Output 

Output 






Input 
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Voice Synthesizer CMOS LSI 


LR3681 


■ Absolute Maximum Ratings 


Perameter 

Symbol 

Ratings 

Unit 

Note 

Pin voltage 1 

Vdd 

— 6.0 — (-0.3 

V 


Pin voltage 2 

Vin 

Vdd- 0.3 ~ + 0.3 

V 

1 

Operating temperature 

Topr 

— 20 — P70 

°c 


Storage temperature 

Tstg 

— 55 — hl50 

°c , 


The maximum applicable voltage on any pin with respect to V ss . 

Note 1: Applied to pins N r N 8 , CE, POW, DAi, DA 2 , OSCin, OSCout, EOi~E0 8 . 

' BOi-BOg, and CO^COg. 

> 

o 

"t 

> 

o 

■ Recommended Operating Conditions 



Parameter 

Symbol 

Specifications 

Unit 


Supply voltage 

Vdd 

-2,7 3.3 

V 


Oscillator frequency 

fosc 

4.1943 (TYP.) 

MHz 



■ Electrical Characteristics (Vdd=-3.ov, T a=25°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input voltage 

VlH 


-0.6 





VlL 




Vdd+0.6 

V 

2 


IlHl 

> 

© 

II 

55 

> 

2 


30 

M 

3 

Input current 

IlH2 

ViN=0V 

2 


30 

M 

4 


IlH3 

Vin=0V 



3 

M 

5 


lOHl 

Vout= —0.5V 

100 



M 


Output current 

IOL1 

Vout= Vdd + 0.5 V 

100 



o 

IOH2 

Vout= — 0.5V 

100 



M 

n 


IOL2 

Vout=Vdd+0.5V 

100 



l 

D/A converter bits 




8 


bit 

8 

D/A converter monotonicity 


Rf open 

6 



bit 

9 

Max. output voltage amplitude 

Vp P 

Rf = 20k O , C= lOOpF, Rf = 20k fl 

1 

1.7 


V 

10 

Oscillation start time 

Tosc 

Vdd= — 2.7 3.3V 



50 

ms 

11 

Current consumption 

I total 

During region-wide operation 


1.5 


mA 

12 

Icend 

During standby 



1 

M 


Note 2: Applied to pins ACL, Ni - N 4 , and EOi - EOs. 

Note 3: Applied to pins Ni - Ns. 

Note 4: Applied to pins EOi - EOs. 

Note 5: Applied to the ACL pin. 

Note 6: Applied to pins AOi - AOs, B Qi - B06, and COi - C06. 

Note 7: Applied to pins CE and ROW. 

Note 8: Applied to the built-in DA converter. 

Note 9: Applied to pin DA 2 , with resistor Rf connected to pins 

DAi and DA 2 left open. 

Note 10: Applid to pin DAi. The difference in the output vol- 
tages at DAi.Vdai (00) and Vdai (FF), obtained when 
the input data to D/A converter is 00 and FF, respec- 
tively is: Vdai (OO)-Vdai (FF) = Vp-p (where Rf— 20 
KO *1). 

Note 11: Applied to pins OSCin and OSCout (Cd = Cg = 5 pF). 

Refers to the time required for th e LSI to enter the re- 
gion-wide operating status (POW rises) from the rising 
edge of the N 2 pin under standby status. 

Note 12: Measurement circuit 



C = 100 P F| 
^ Rf=20kf2 


*1 


/ Crystal • 4.1943MHz ceramic oscillator 
C G =C D =5pF 
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Voice Synthesizer CMOS LSI 


LR3681 


■ System Configuration 

(1) Stand-alone LSI configuration 

Pressing one, out of the eight switches (Ni-Na) 
connected to the input pins, produces the corres- 
ponding speech message. The number of connect- 
able switches can be increased to 32 by building a 
matrix with the output pins. 


The voice output’s maximum amplitude is almost 
equal to the supply voltage. It is amplified by a 
power amplifier to drive a speaker. A simple low- 
pass filter (CR network, etc.) should be used to eli- 
minate RF noise. 



(2) System combined with a microcomputer 

A microcomputer may be used to command the 
voice synthesizer LSI to produce a specific speech 
message. The device can be readily interfaced 
with the CMOS version of the SM Series. 


The following figure shows a sample system 
configuration in which serial data is transferred 
from the SM-500 to pin Ni of the device: 





Note N2: Starts in the standby mode. 
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Voice Synthesizer CMOS LSI 


LR3681 


■ Developing Procedure 

The following table shows a typical procedure for developing the LR3681 with customized specifications: 


Parameter 

Description 

Responsible Party 

1 System specs 

Determines the I/O formats for the LSI, interface with microcomputer, etc. 

Customer 

2 Synthesized voice tone 

Selects the tone from the samples provided by Sharp. 

Customer 

^ Determination of speech 
message 

Specifies the words to be written into the device, extracts common words, 
and creates the recording manuscript. 

Customer 

Sharp 

4 Recording 

As a rule, a professional announcer records the contents of the recording 
manuscript onto a tape, in a noise-free environment. 

Customer 

5 Recorded tape check 

Checks the recorded tape for noise and proper recording level. If any prob- 
lem is found, Sharp requests the customer to record once again. 

Sharp 

6 Voice analysis 

Inputs the recorded message into a computer, where it is subjected to voice 
analysis and data compression for writing into ROM. 

Sharp 

7 ROM writing 

Writes the resulting voice data into PROM, and programs the control sec- 
tion for I/O and other operations. 

Sharp 

Emulation for voice tone 

O 

and LSI functions 

Emulates the PROM containing data to evaluate the tone of the recorded 
voice as well as the systems operations. 

Customer 

9 LSI mask generation 

If the result of emulation was positive, Sharp creates the mask for LSI 

device. 

Sharp 

10 TS submission 

Fabricates test sample devices, tests them, and submits them to the customer. 

Sharp 

11 TS evaluation 

Customer evaluates the sample devices. 

Customer 

12 ES submission 

Sharp submits engineering samples. 

Sharp 
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5X7 Dot Matrix Decoder PMOS LSI 


LI2048 


LI 2048 


5X7 Dot Matrix Decoder PMOS LSI 


■ Description 

The LI2048 is a PMOS LSI capable of driving 5 
X 7 dot-matrix vacuum-fluorescent displays, and 
displaying 128 kinds of pattern. 


■ Features 

1. 128 patterns display 

2. Direct drive of vacuum-fluorescent displays 

3. Printer drive output 

4. TTL level voltage drive 

5. 60-pin quad-flat package 


■ Pin Connections 



Block Diagram 



Dot Display Output 
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LI2048 


5X7 Dot Matrix Decoder 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Pin voltage* 

Vdd 

— 20~ + 0.3 

V 

V n 

— 44 — I- 0.3 

V 

V,tf, 

—44 — + 0.3 

V 

Operating temperature 

T„ Dr 

— 5 — 1- 55 

°c 

Storage temperature 

Zstg 

— 55 — (-150 

, °c 


* Referenced to GND. 


■ Recommeded Operating Conditions 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage 

Vdd 

-8.1 9.9 

V 

Display voltage 

V N 

-40 

V 


■ Electrical Characteristics 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input voltage 

V,h 


-1.1 




V,L 




-4.2 

V 


Voh: 

Ioh == 3.0mA 

-1.0 




Output voltage 

^OH2 

Ioh — 1.0mA 

-1.0 



V 


V OL 

V IN =-40V 



-36.5 


Current consumption 

Idd 

V DD = — 9.0V 


8.5 


mA 

In 

V N =-40V 


3.0 



tui 

V IN = — 40V 


4.0 



Output delay time 

tdi 

No loading 


5.5 


//s 

tu2 

V N = — 40V 


5.0 



td2 

Loading capacity; lOOpF. 


15.0 



Input resistance 

^IN 

V IN = — 40V 

1.0 



Mii 


■ Function 

(1 ) Dot matrix arrangement 


Dn 


D 12 


D 13 


D 14 J 


Dis 

D 21 


[D 22 I 


| D 23 I 


D 24 


D 25 

[Dai) 


D 32 


D 33 

l 1 

0 


D 35 

D 4 1 


0 


D 43 

1 1 

[0 


D 45 

E 


0 


0 

1 1 

D 54 


D 55 

B 


[ D 62 ) 


D 63 


[0 


D 65 

| D 71 j 


[d 72 I 


0 

1 J 

D 74 


0 
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5X7 Dot Matrix Decoder 


LI2048 


(2) Dot data output 

(i) For low CEi and CE 2 inputs. 

Dot data output is determined by input A 0 
— A 6 . 

(ii) For low CEi and high CE 2 inputs. 

Dot data determined by input A 0 — A 6 is 
stored by input A 7 — A 9 and outputted as 
dot data output Dii (i = 1 — 7) to the 
printer. 

(iii) For high input CE^ 

No dot data output. 







LCD Controller/Driver CMOS LSI 


LH5008 


LH5008 


LCD Controller / Driver CMOS LSI 


■ Description 

The LH5008 is a programmable LCD controller/ 
driver which interfaces in serial fashion to the 
CPU of a microcomputer application system to 
directly control and drive LCDs in static operation 
or dynamic operation (1/2, 1/3 or 1/4-duty cycle). 

The LH5008 incorporates a segment decoder for 
generating specific segment patterns, and is also 
capable of controlling the blinking of the display. 


■ Features 

1. CMOS process 

2. Number of display digits 

• 7-segment device 

1/4-duty cycle 16 digits 

1/3-duty cycle 10% digits 

1/2-duty cycle 8 digits 

Static operation 4 digits 

• 14 -segment device 

1 /4-duty cycle 8 digits 

3. Operating mode 

Static, 1/2, 1/3, and 1/4-duty drive 

4. Biasing 

Static, 1/2 and 1/3 

5. Segment decoder output 

• 7-segment device ; numerics 0 ~ 9 and 5 
symbols- 

• 14-segment device ; 36 alphanumerics and 
12 symbols 

6. Blinking function 

7. LCD direct drive 

8. Serial input (8 -bit unit) 

9. Capable of multi -chip configuration 

10. Single power supply : + 5V 

11. 60-pin quad-flat package 


Pin Connections 


|45l|T4lf43l|42||4lil4bll39|[^|^(^^|^|^f3^i3Tl 


NC |46 

S 20 H 

5 21 (48 

522 m 

5 23 [50 
S 24 II 
S 25 11 
S26IM 

5 27 [54 

5 2 8 [55 
S29H6 
S 30 (57 

s 3 i m 

cli m 

NC (60 O 


M NC 
29] S 7 

. 28] Se 
27] Ss 
US4 
25] Ss 
24] S 2 
23] Si 
22 } So 
H] COM 3 
20] COM 2 
UCOMi 
H] COMo 
17] NC 
16] NC 


iMiiyyyyyy 

>P W l°55n WZ 

^ I CO p u cn 


Top View 
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LCD Controller/Driver CMOS LSI 


LH5008 


Block Diagram 


Synchronous 
Signal Input 
/ Output 


Clock I ( 59 > 
OSC. 


Chip Select (u 

Busy Output ( 12 ) 
Command/ 

Data Select 


LCD 

Power Supply 


Segment Output 



LCD 

Timing 

Control 


OSC 



Write 

Control 


Segment 

Decoder 


U- 


Reset 

Input 


< 9 ) — (nj> 




LCD 



Driver 



Display Data Latch 

A 


Data 

Memory 


Data 

Pointer 


Blinking 

DataQ 

Memory 


Serial 


1 

Command /Data 


I 

Command 

Interface 

% % 


Register 


Decoder 


Serial Serial 

Clock Input Data Input 



GND 


I Segment 
Output 


Common 

Output 


■ Pin Description 


Pin name 

No. of pins 

I/O 

Connect to 

Functions 

Vdd> V S s 

3 


Power supply 

Power supply for logic circuit 

VlC1 > V LC2 , V LC 3 

3 


Power supply for liquid crystal drive 

SI 

1 



Serial data input 

SCK 

1 



Clock input for data shift 

C/D 

1 

I 

MPU 

Data/command select pin 

CS 

1 



Chip select pin 

RESET 

1 



Reset input 

CU 

1 


Resistance 

Internal clock oscillation pin 

CL 2 

1 


Resistance 

Internal clock oscillation pin 

S0-S31 

32 

0 

Liquid crystal 

Liquid crystal segment drive signal 

. com 0 ~com 3 

4 

Liquid crystal common drive signal 

BUSY 

1 


MPU 

Busy output 

SYNC 

1 

I/O 

LH 5008 

Sync, signal 
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LCD Controller/Driver CMOS LSI LH50Q8 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 

Supply voltage 

Vdd 

— 0.3 — L7.0 

V 


Input voltage 

V,N 

-0.3~V dd +0.3 

V 

1 

Output voltage 

VoUT 

— 0.3~V dd + 0.3 

V 


Operating temperature 

T ODr 

— 10— -f 70 

°c 


Storage temperature 

Ist£ 

— 55 — + 150 

°c 



Note 1: Referenced to Vss. 


■ Recommend Operating Conditions 


Parameter 

Symbol 

, Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vdd 


2.7 


5.5 

V 

Oscillator frequency 

* ; 

fosc 

R = 200kfi, V DD — 5V ± 10% 


130 


kHz 

R = 240kn, V dd =3V±10% 


100 



■ DC Characteristics (V D d=,5V±io%, Ta= — lO—TCC) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input voltage 

V,H 


0.7 V dd 


Vdd 

V 


V IL 


0 


0.3V dd 

V 

Input leakage current 

1 Ilih 1 

Vin = V D d 



2 

m 


i Ilil 1 

v IN =ov 



2 

fJL A 

Output leakage current 

1 hoH 1 

Vout = Vdd 



2 

M 


1 Ilol 1 

Vout=0V 



2 

M 

Output current 

loHl 

SYNC, BUSY V out =V dd -0.5V 

10 



M 


IoH2 

SYNC, V out == 1 V 



300 

H A 

loLl 

SYNC, V OU t = 1V 

900 



M 

IoL2 

BUSY, V OU t=0.5V 

350 



M 

Output resistance 

Rcom 

COM 0 ~COM 3 V dd ^V lcd ^2.7V 


3 

7 

kfi 

2 

Rseg 

S 0 ~S 31 Vdds^ Vlcd^2.7V 


7 

14 

kO 

Current consumption 

Idd 

No-load, external clock f c = 200kHz 


100 

250 

M 



(V DD = 2.7 ~ 4.5V, Ta= — 10 — h70°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input voltage 

V,„1 

Except SCK 

0.7 V dd 


Vdd 

V 


V.H2 

SCK 

0.8V dd 


Vdd 

V 

V IL 1 

Except Except SCK 

0 


0.3 Vdd 

V 

ViL2 

SCK 

0 


0.2V dd 

V 

Input leakage current 

1 Ilth 1 

Vin = V D d 



2 

M 


1 Ilil 1 

V IN =0V 



2 

M 

Output leakage current 

1 Iloh 1 

Vout = V D d 



2 

M 


1 Ilol 1 

Vout=0V 



2 

M 

Output current 

loHl 

SYNC, BUSY V OUT =V DD -0.75V 

7 



M A 


IoH2 

SYNC, V O ut=0.5V 



200 

M 

loLl 

SYNC, V OU t=0.5V 

400 



M 

IoL2 

BUSY, V OU t=0.5V 

150 



M 

Output resistance 

^COM 

COMo-COM 3 V dd ^V LC d^2.7V 


6 

12 

kfl 

2 

Rseg 

So'" w S3i V dd ^V LC d^2.7V 


12 

24 

k Cl 

Current consumption 

Idd 

No-load, external clock f c =160kHz 
V dd =3V±10% 


30 

100 

V A 



Note 2: Applicable to static, 1/2 bias, 1/3 bias; Vlcd- LCD drive voltage 
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LCD Controller/Driver CMOS LSI 


LH5008 


■ AC Electric Characteristics (V DD = 5 v+io%,Ta=-io~ 70 'C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Operating frequency 

fc 


50 


200 

kHz 

Oscillator frequency 

fosc 

R=200kfl+5% 

85 

130 

175 

kHz 

High-level clock pulse width 

twHC 

CL 1? external clock 

2 


16 

MS 

Low-level clock pulse width 

twLC 

CL!, external clock 

2 


16 

fXS 

SCK frequency 

tcYK 


900 



ns 

High-level SCK pluse width 

twHK 


400 



ns 

Low-level SCK pluse width 

twLK 


400 



ns 

BUSY t —SCK hold time 

1-HBK 


0 



ns 

SI setup time (to SCK t ) 

tsiK 


250 



ns 

SI hold time (to SCK t ) 

1-HKI 


200 



ns 

Delay of 8th SCK t —BUSY 1 

1-DKB 

Load capacitance = 50 pF 



3 

MS 

CSl— BUSY! delay 

tDCSB 

Load capacitance = 50 pF 



1.5 

MS 

C/D setup time (to 8th SCK f ) 

tsDK 


9 



MS 

C/D hold time (to 8th SCK t ) 

tHKD 


1 



M s 

CS hold time (to 8th SCK t ) 

^HKCS 


1 



MS 

High-level/CS pluse width 

twHCS 


StcYC * 



M s 

Low-level/CS pluse width 

twLCS 


StcYC * 



f* 

SYNC load capacitance 

Clsy 

tcYC * — 5 // s 



50 

pF 


* tcYC _ 1 / fc 


(V dd = 2.7V~4.5V, Ta= - 10~70°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Operating frequency 

fc 


50 


140 

kHz 

Oscillator frequency 

fosc 

R=240kfl ±5% V'dd=3V+10% 

50 

100 

140 

kHz 

High-level clock pulse width 

twHC 

CLx, external clock 

3 


16 

M s 

Low-level clock pulse width 

tWLC 

CLi, external clock 

3 


16 


SCK frequency 

tcYK 


4 



ps 

High-level SCK pluse width 

twHK 


1.8 




Low-level SCK pluse width 

twLK 


1.8 



{XS 

BUSY t —SCK hold time 

tflBK 


0 



ns 

SI setup time (to SCK t ) 

tsiK 


1 




SI hold time (to SCK f ) 

tHKI 


1 



MS 

Delay of 8th SCK f —BUSY l 

1-DKB 

Load capacitance=50 pF 



5 

f*S 

CSJ— BUSYl delay 

tDCSB 

Load capacitance =50 pF 



5 

MS 

C/D setup time (to 8th SCK t ) 

tsDK 


18 



JUS 

C/D hold time (to 8th SCK t ) 

tHKD 


1 



MS 

CS hold time (to 8th SCK t ) 

tHKCS 


1 



/IS 

High-level/CS pluse width 

twHCS 


StcYC 



f< s 

Low-level/CS pluse width 

twLCS 


8t C YC * 



MS 

SYNC load capacitance 

Clsy 

tcYC ~6.25 jus 



50 

PF 


* tcYC — 1 /fc 
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LCD Controller/Driver CMOS LSI 


LH5008 







LCD Controller/Driver CMOS LSI 


LH5008 


■ System Configuration 
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LCD Dot Matrix Controller CMOS LSI 


LR3691A 


LR3691A 


LCD Dot Matrix Controller CMOS LSI 


■ Description 

The LR3691A is a controller CMOS LSI for dot 
matrix graphic LCD units. It stores display data 
corresponding to dot patterns from the 8-bit CPU 
in the external RAM. From this RAM, it transfers 
the display data to the LCD driver and generates 
clocks necessary to drive the LCD. 


■ Features 

1. Controller for LCD dot matrix graphic display 

2. Maximum display data = 163, 840 dots 
(Horizontal X Vertical) 

3. General 8-bit CPU interface 

4. High-speed write cycle 

5. Low frequency due to parallel output of data to 
4 divisions of the LCD 

6. Selectable display dots 

a. The number of horizontal dots 

• The LCD without right and left divisions 
120, 160, 240, 320, 480, 640 dots 

• The LCD with right and left divisions 
240, 320, 480, 640, 960, 1280 dots. 

b. The number of vertical dots 

• The LCD without upper and lower divisions 
32, 64, 100, 128 dots 

• The LCD with upper and lower divisions 
64, 128, 200, 256, dots 

7. Single power supply : 5V (TYP.) 

8. CMOS process 

9. 60-pin quad-ilat package 


Pin Connections 


OhQc/) « N O O Z uW J J JCOtfi 
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LCD Dot Matrix Controller CMOS LSI 


LR3691A 


Block Diagram 


Memory 

Address 

Output 


Data 

Bus 


Meory 

Address 

Output 


tS « 3 3 o- p 

4> 3 g. £* "3 £• 

^ C ^ o3 >> 3 >»0 3 

C/D m Z uO u O 

bD — i 7) *r 3 T. ’2 


O PS ^QSC^a. 



Register 


Oscillation 

®— @) — 


Divider 


LCD Control 
Timing Generator 


Column Counter 


Row Counter 


Display Enable 


Parallel /Serial Counter 


LCD AC Drive 
Output 

l Display Data Shift 
CLOCK 

) Display Data Latch 
CLOCK 
< 30 ) Common Data Output 

< 33 ) 



Row Select Input 


I Display Data 
Output 


— (iM^) — 


Data Buss 


Memory Data Bus 


Test 


Vcc 


GND 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 

Supply voltage 

Vcc 

-0.3- + 7 

V 

1 

Input voltage 

Vi 

-0.3~Vcc + 0.3 

V 

1 

Output voltage 

Vo 

— 0.3~Vcc+0.3 

V 

1 

Operating temperature 

Topr 

— 10 — H70 

°c 


Storage temperature 

Tstg 

— 55 — h 150 

°c 



Note 1: The maximum applicable voltage on any pin with respect to GND. 


■ Recommended Operating Conditions 


Parameter 

! 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vcc 

4.5 

5,0 

5.5 

V 

Input voltage 

Vi 

0 


Vcc 

V 

Output low current 

IOL 



4 

mA 

Output high current 

lOH 



-500 

M 

Clock frequency 

fosc 

0.6 


6.6 

MHz 


Note : Any current sinks into the LSI is regarded posititve. 
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LCD Dot Matrix Controller CMOS LSI 


LR3691A 


■ DC Characteristics (Vcc=5V±io%, gnd=ov, Ta=-io~+70t:) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Output low voltage 

VOLl 

Iol— 4mA 



0.4 

V 

1,2 

VOL2 

Iol=400 fj. A 



0.2Vcc 

V 

3 

Output high voltage 

VOHI 

Ioh=— 0.5mA 

2.4 



V 

1,2 

VOH2 

Ioh= — 400 /uA 

0.8Vcc 



V 

3 

Input low voltage 

V IL1 




0.4 

V 

2,4 

V IL2 

N 



0.5 

V 

5 

Input high voltage 

V IH1 


2.4 



V 

2,4 

V IH2 


Vcc-0.6 



V 

5 

Input low current 

IlLl 

> 

o 

II 

> 



-20 

M 

4,5 

IlL2 

> 

o 

II 

> 


-30 

-100 

M 

2 

Input high current 

IlH 

Vih=Vcc 



20 

M 

2,4,5 

Current consumption 

Icc 

fosc^G.GMHz 


12 

36 

mA 



MD 0 ~MD 7 and D 0 ~D 7 are I/O pins which are pulled up by 
built-in resistors when in input mode. 

Note 1: Applied to output pins other than CP lt CP 2 , S, M, Dl! 
and OSCout. 


Note 2: Applied to pins MD 0 ~MD 7 and D 0 ~D 7 . 

Note 3: Applied to pins CP lt CP 2 , S, M, DIi~DI 4 , and OSCout 
N ote 4: Applied to input pins other than OSCin, andT 2 . 
Note 5: Applied to pins OSCin, Ti, and T 2 . 


■ AC Characteristics 

(1) LCD control timing (Vcc=5V+lO%, Ta=-10~ + 70°C) 


Parameter 

Symbol 

j MIN. | 

TYP 

MAX. 

Unit 

CP 2 clock width 

tWCP2 

‘■e* 

1 

cn 

O 

0 


ns 

Data setup time 

tDIS 

o 

o 

1 

0 


ns 

Data hold time 

tDIH 

^ —100 

0 


ns 

Clock setup time (CPi 1 — ► CP 2 1 ) 

tLC 

20 

0/2 

0/2 + 25 

ns 

Clock setup time (CP 2 t — ► CP X t ) 

tCLD 

20 

0/2 


ns 

CP X clock width 

tWCPl 

2'i -50 

20 


ns 

Fall time of CPi referring to M signal 

tM 

-( */2+100) 

- 0/2 

0 

ns 

Clock setup time (CPi J — ► S 1 ) 

tsc 

200 



ns 

Clock setup time (CPi i — ► S t ) 

tcs 

200 



ns 

Rise time of CPx and CP 2 

tr 


30 

50 

ns 

Fall time of CPi and CP 2 

tf 


30 

50 

ns 


Measurement Conditions 

4 > = l/fosc(fosc = 0.6~6.6MHz), CL=50pF, Volc=0.2Vcc, Vohc=0.8Vcc 
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(2) RAM interface timing (Vcc = 5V + 10%, Ta = -10 ~ +70“C) 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Address output cycle time 

tAC 

20—50 

20 

2 0+50 

ns 

MRD setup time (to address) 

tMRS 

0 

30 

100 

ns 

Read data setup time 

tDRS 

180 



ns 

Read data hold time 

tDRH 



15 

na 

Memory write pulse width 

tMWW 

0 -50 

0 


ns 

Write recovery time 

tDMW 

20-150 

2<f> 


ns 

Write data output delay time (to MRD t ) 

tDDW 

0-100 

0 


ns 

Write data setup time 

tDWS 

0-100 

0 


ns 

Write data hold time 

tDWH 

0-100 

0 


ns 

MRD time from write data (Hz) 

tDWZ 

0-100 

0 


ns 


Measurement Conditions 

^ = l/fosc(fosc = 0.6 — 6. 6MHz), CL = 20pF, Vol^O.SV, Voh = 2.0V, Vil = 0.8V, Vih = 2.0V, and t r and tf of input signal are less than 50 ns. 



(3) CPU interface (read cycle) timing (Vcc = 5V + 10%, Ta = -10 ~ -f-70°C) 


Parameter 

Symbol 

MIN. 1 

TYP. 

MAX. 

Unit 

WAIT output time referring to RD 

tRDWT 


45 

150 

ns 

WAIT rise time referring to MRD 

tWURD 

-e- 

1 

© 

_°j 

0 


ns 

Data output delay time referring to RD 

tRDHZ 


25 

150 

ns 

Data output settling time referring to WAIT t 

tWTS 

20-150 

2 j> 


ns 

Data output hold time referring to RD 

tRDH 

0 

20 


ns 

RD setup time referring to MA 

tASRD 

200 



ns 


Measurement Conditions 
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(4) CPU interface (read cycle) timing (Vcc = 5V ± 10%, Ta = — 10 — h70t:) 


Paramerter 

Symbol 

MIN. 

TYP. 

max. 

Unit 

WAIT rise time referring to MRD 

tWUWR 

jt-100 

* 


ns 

Data setup time referring to MWR 

tDSMW 

i* -50 



ns 

Data hold time referring to MWR 

tDHMW 

O 

LO 

1 

~0~ 



ns 

WR setup time referring to MRD 

tASWR 

200 



ns 

WAIT output time referring to WR 

tWRWT 


45 

150 

ns 


Measurement Conditions 

0 = l/fosc(fosc = 0.6~6.6MHz), CL = 20pF, Vol~0.8V, Voh = 2.0V, Vil = 0.8V, Vih : = 2.0V, and tr and tf of input signal are less than 50 ns. 


MA "~ MAl4 X X X X X~ X X~~ 



■ Functional Descriptions 

(1 ) Power supply 

The Vcc pin requires +5 VDC to the ground. 
The GND pin should be externally grounded. 

(2) Clock pulse and divider 

The OSCin pin of the device requires constant 
application of a clock. A clock used for the CPU 
may be used for this purpose. The OSCout pin, 
which provides an inverse of the clock applied to 
the OSCin pin, should be left open. 

(3) RES pin and reset pulse 

The RES pin requires application of a reset 
pulse when power is turned ON to initialize the 
LR3691A’s internal registers. The reset pulse 
should be active high, and should have a pulse 
width more than 4 time as long as that of the clock 
pulse. 

The input circuit for the RES pin uses a floating 
gate. 

(4) Data control pins 

The LR3691A is controlled from the host CPU 
through pins CS, RD, WR, and RS, The signals ap- 
plied to pins RD, WR, and RS are made valid if the 
CS pin is set to low. 

The RD and WR pins are used to determine the 
direction of data transfer between the display RAM 


and CPU. 

The RS pin specifies the type of data exchanged 
with the CPU through pins Do-D?, identifying dis- 
play RAM address specification data and display 
data. 

The data control pin signal timing is shown in 
the paragraph for Electrical Characteristics. 

The input circuit for these control pins have 
floating gates. 

(5) WAIT signal 

The display RAM is accessed from both the CPU 
and the LCD driver. To avoid contention, the 
LR3691A delivers a WAIT signal to its WAIT pin 
when the LCD driver is accessing the display 
RAM, suspending display RAM access from the 
CPU. 

(6) Data input/output 

The LR3691A exchanges data with its host CPU 
through its pins Do-D?. The data transferred 
through these pins are display RAM address data, 
display RAM read data, and display RAM write 
data. The data type is specified by controlling a 
data control pin. The D0-D7 pins are normally con- 
nected to the host CPU’s data bus. When in the in- 
put mode, the Do-D? pins are pulled up through 
pull-up resistors. 


SHARP 


848 




LCD Dot Matrix Controller CMOS LSI 


LR3691A 


(7) Screen division and dot number selection 

The LR3691A controls an LCD screen through 
LCD drivers using serial data transfer scheme 
with duty cycle of 1/32 to 1/128. The LCD 
screen is often divided into sections to improve 
contrast and reduce driving frequency and driving 
voltage. 

The LR3691A permits division of the LCD 
screen into two sections both in the horizontal and 
vertical directions. The ROW and CLM pins have 
floating gate inputs with high impedance. 

(8) Connection to display RAM 

The LR3691A should be connected to the dis- 
play RAM as follows: The address data for display 
RAM is output through pins MA 0 -MA 14 . If the 
display RAM consists of more than one chip, the 
address data shoud be decoded through an address 
decoder before being coupled to the display RAM. 

Display data is transferred through pins MD 0 - 
MD 7 . The MRD and MWR pins are used to con- 
trol the display RAM: the MAD pin provides a dis- 
play RAM read command signal; the MWR pin pro- 
vides a display RAM write command signal. 

(9) Display screen versus display RAM 

' The display RAM is accessed from the CPU or 
LCD driver via the LR3691A. Access from the 
LCD driver occurs every 32 cycles of the system 
clock (applied to the OSCin pin), of which one 16 
cycle period is occupied by the LCD driver, and 
the remaining 16 cycle period is available to the 


CPU. Display data is written and read byte-by- 
byte (8 bits). When viewed from the CPU, display 
RAM address alllocations to the display screen 
address are fixed. (To facilitate data read/ 
write access to the display RAM and to impove 
availability of the RAM area, RAM addresses 
are actually translated within the LR3691A befo- 
re read /write access is performed.) The first 
addresses of the four sections on the screen are 
fixed to 0000H, 4000H, 8000H, and C000H. An 
example of the relationship between display RAM 
addresses and screen addresses as viewed from 
the CPU is shown in Fig. 1, where the number of 
pixels per row on the screen is 640 (numbers 
given in parentheses are that of 240). 

(10) LCD driver control 

The LR3691A drives an LCD dot matrix dis- 
play panel via LCD drivers using serial data trans- 
fer scheme. It uses its pins S, M, CPi CP 2 , and DIi 
-DU for controlling the LCD driver. 

The S pin provides data signal to the shift regis- 
ter input of the LCD driver which drives the com- 
mon electrodes. The M pin supplies a signal 
needed for synchronized AC driving of the LCD 
driver. 

The CP 2 pin drlivers a clock signal used to shift 
display data. The CPi pin provides a display data 
latch signal. The pins DIi -DU otuput display data 
after converting the 8 -bit parallel data from the 
display RAM into serial data. 


0 0 0 0 H 

0 0 0 1 H 

0 0 0 2 H 

0 0 0 3 H 

! 

! 1 

4 0 0 0 H 

4 0 0 1 H 

4 0 0 2 H 

4 0 0 3 H 

| 

8 0 0 0 H 

8.001 H 

8 0 0 2 H 

8 0 0 3 H 

1 [ i 

! > 

1 

i ■ 

CO 0 1 H 

CO 0 2 H 

CO 0 3 H 

l 

1 » 

« | 

L ' i 


0 0 00 H 
(0000h) 

0 0 0 1 H 
(0001h) 

0 0 0 2 H 
(0002h) 


0 027 h 
(OOOEh) 

4 0 00 h 
(4000h) 

4 0 0 1 H 
(4001 h ) 

4 0 0 2 H 
(4002 h ) 


4 0 2 7 H 
(400E h ) 

0 0 2 8 h 
(000Fh) 

0 0 29 h 

(0010h) 

0 0 2 Ah 
(0011 h) 



4 0 28 H 
(400F H ) 

4 029 H 
( 401 Oh ) 

4 0 2A h 
(4011 h) 



i ! ! 

i ! 

l 

1 

1 

1 

1 

1 

1 

1 

I 



1 

8000 h 
(8000h) 

800 1 h 
( 8001 h ) 

8 0 0 2 h 
(8002h) 

— 

8027 h 
(800Eh) 

CO 0 0 H 
(C000h) 

C001 H 

( C001 H ) 

CO 0 2 H 
(C002 h ) 


CO 2 7 H 
(COOEh) 

8 0 2 8 H 
(800Fh) 

8 0 219 H 
(8010 h ) 

8 0 2 A h 
(8011h) 

‘ 


CO 2 8 H 
(COOFh) 

CO 2 9 H 
(COIOh) 

CO 2 A h 
(COIIh) 



rr 

1 

! 

] | 

1 1 

1 1 

, 



) 

1 

1 

1 

1 


(Note) Number of pixels per row is 640. (numbers given in ( ) are that of 240) 



( b ) Display viewed from CPU 


( a ) Memory map viewed from CPU 


Fig. 1 Relationship between display RAM map and 
display screen as accessed from the CPU 
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( a ) Actual memory map 

Fig. 2 Actual relationship beween display RAM map and display screen 


1)7 

1)6 

1)5 

b 4 

b 3 

b2 

bi 

bo 

1 

0 

I 

0 

0 

1 

1 

a 

1 

1 

LE 

0 


1 

1 

m 


Display RAM 



Fig. 3 Bit-by-bit relationship of display screen and display RAM 


The DIi pin provides display data for the upper 
left section of the display screen; the DI 2 pin pro- 
vides that for the upper right section of the screen; 
the DI 3 pin provides that for the lower left section; 
and the DD pin provides that for the lower right 
section. 

The LCD driver control singnal timing is shown 
in the paragraph describing Electrical Characteris- 
tics. 

(11) Display enable 

The DE pin is used to enable or disable display 
to the screen. If set at low, the entire screen is 
blanked. Data display is enabled only when the DE 
pin is set at high. The DE pin is used to suppress 
meaningless information from the screen power is 
being turned on. It has a floating gate input. 

(12) Ti and T 2 pins 

The Ti and T 2 pins should be connected to the 
ground. These pins, having floating gate inputs, 
are used for device test and are not available to 
the user. 


■ Display Control Method 

Display control consists of display data proces- 
sing, RAM addressing, and display screen selection. 
(1) Display screen selection 

The LR3961A drives the display screen via 
shift-register type LCD drivers by, if necessary, 
dividing the screen into four sections according to 
the number of pixels (on the row and column) to be 
displayed. The number of pixels per row is speci- 
fied with the CLM 0 -CLM 2 pins. The number of 
pixels per column (duty) is specified with the 
ROWo and ROWi pins. See the following table. 


CLM 

(2,1,0) 

No. of pixels 

per row 

ROW 

(LO) 

No. of pixels 

per column 

000 

120 

00 

32 

001 

160 

01 

64 

010 

240 

10 

100 

Oil 

320 

11 

128 

100 

480 



101 

640 



110 

unused 



111 

unused 
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If the screen is divided into two half sections 
(left and right), the displayable number of pixels 
becomes twice the numbers shown in the above left 
table. If the screen is divided into upper and lower 
halves, the displayable number of pixels becomes 
twice the numbers shown in the below-right table 
on page 850. 

To prevent flicker of the display image, the total 
number of pixels per section should be limited to 
40,960 of total pixels/divided screens. 

(2) Display RAM address control 

The addresses for the display RAM are 
apparently specified with 15-bit address data, 
whose output is implemented through pins 
MAo-MAu. Meanwhile, the host CPU uses an 
8-bit bus, D 0 -D 7 , to address the display RAM. To 
specify a full 15-bit address, the CPU must trans- 
fer address data in two consecutive sequences: 
first the lower byte, and next the upper byte. At 
this time the RS pin (address specification) should 
be set to ‘1\ Once a display RAM address is speci- 
fied, it is automatically incremented each time the 
CPU accesses it for read or write operation. So for 
display RAM addresses which are consecutive can 
be accessed by setting only the first address. 


cs 

RD 

WR 

RS 

Dv 

De 

Ds 

D4 

Ds 

d 2 

Di 

Do 

0 

1 

0 

1 

Address data 


Address data is transferred in two consecutive 
sequences for upper and lower bytes. 

(3) Data write into display RAM 
Data can be written into the specified display 
RAM location. Specification is conducted by the 
RAM address counter through the D 0 -D 7 pins 
when the RS is set at zero. 


CS 

RD 

WR 

RS 

D 7 

De 

Ds 

D4 

D3 

D 2 

Di 

Do 

0 

1 

0 

0 

Display data ] 


Once data is written, the RAM address counter 
is automatically incremented, so that data may be 
written consecutively. 

(4) Data read from display RAM 
Data can be read out of the display RAM loca- 
tion specified by the RAM address counter. Speci- 
fication is implemented through the D 0 -D 7 pins 
when the RS is set at zero. 


CS 

RD 

WR 

RS 

d 7 

De 

Ds 

D4 

Ds 

d 2 

Di 

Do 

0 

0 

1 

0 

Display data 


Once data is read, the RAM address counter is 
automatically incremented. 
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LCD Dot Matrix Controller CMOS LSI 

■ Description ■ Pin Connections 

The LR3692 is a controller LSI for dot matrix 
graphic LCD unit. It stores display data transfer- 
red from 8 -bit microcomputer in the external RAM 
and generates LCD drive signal suitable as serial 
type LCD driver. 

Selectable from graphic mode and character 
mode using character ROM for character display. 


■ Features 

1. Graphic or character mode selectable 

2. Display duty : 1/32 ~ 1/256 

3. Maximum display capability 
Graphic mode : 640 X 256 dots 
Character mode : 80 X 32 characters 

(if character font is 8 X 8) 

4. Capable of interfacing to an 8-bit CPU 

5. Serial/ 4 -bit parallel output 

6. Capable of driving upper and lower divisions 
LCD 

7. Scroll function 

8. Cursor display : ON, OFF, and BLINK 

9. Character BLINK 

10. Display ON, OFF 

11. On-chip crystal oscillator 

12. Single power supply : 5V (TYP.) 

13. CMOS process 

14. 80 -pin quad-flat package 




(80l f79H78l |77| f76l l75l l74l [73l l72l (7ll (70l [69l l68l t67l [66l |65l 


nc[T 

O 1 

1MWR 

NC[T 


m nc 

NC(T 


62] NC 

ri 7 (T 


62MRD 

DUo(T 


60]MAi5 

DUiE 


59] MA 14 

DU 2 (T 


58] MA 13 

du 3 [I 


57]MAi2 

DLo or 


Ml MA 11 

DLi [TO 


lUMAio 

GND [n 


54]MA9 

DL 2 EI 


MJMAs 

dlsEI 


52)Vcc 

M [U 


HJgnd 

s 01 


50] MA 7 

CLi 01 


49) MAe 

CL 2 OZ 


UMA 5 

TEST 01 


47] ma 4 

CGout fl9 


46]MA3 

CGin [20 


45jMA 2 

nc m 


m MAi 

NC [22 


43] MAo 

Ncm 


42] NC 

DTMG [24 

. > 

41] NC 


[^I2^l27jl28jl29j[30jl31jl32jl33j|34ll35jl36jl37jl38jl39ll4pj 
Q PS W CO CO Q ^ 

fcCOtt!^OKOE QQOQQQDQ 

O D O 


Q CQ CJ OS O 

Top View 
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Block Diagram 


Oscillation 


' * Oscillation 

H 6 Circuit 

I Instruction Register!- 


Register Select @)- 
Chip Select ©- 
Display OFF Input ( 25 )- 
Read Input 

Write Input On- 
Display RAM 
Select Input Sr' 
Display Timming( 24 V 
Output 

Busy Output 


Bus 

Control 

Circuit 


viXBX-LlXZ!) — 

rvn VcC 


Data Register 
Upper Screen 

Display Start 

Upper Screen 

Display Start 

Latch Pulse Period 
Cursor Position 
Display Duty 
Character Nu mber 
Character Pitch 
RAM Access Mode 
Mode Control 




Upper Screen 
Address Counter 

Lower Screen 
Address Counter 
Cursor Address 
Register 







Multiplexer 


Serial -to - 

Parallel 

Conversion 


Serialto- 

Parallel 

Conversion 


S Memory 
> Address 
Output 


-^j Memory 
f Data Bus 

pr ^ Memory Read 
Output 

►(64) Memory Write 
yJn’S Output 


CG ROM 
Data Bus 


-08) Test Input 


Q O Q OQ o 

8t If.? 

JOUOP 


Upper Screen Lower Screen 
Data Output Data Output 
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■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 

Supply voltage 

Vdd 

— 0.3 — f-7 

V 

1 

Input voltage 

VlN 

-0.3~Vdd+0.3 

V 

1 

Operating temperature 

Topr 

0 — K50 

°c 


Storage temperature 

Tstg 

— 55 — h 150 

°c 



Note 1: The maximum applicable voltage on any pin with respect to GND. 


■ Recommended Operating Conditions 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vdd 

4.75 


5.25 

V 


■ DC Characteristics (Vdd=5V±5%, Ta=o~ + 50°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input low voltage 

VlLT 


0 


0.4 

V 

1 

Input high voltage 

V IHT 


2.4 


Vdd 

V 

1 

Input low voltage 

V ILC 


0 


0.2Vdd 

V 

2 

Input high voltage 

VlHC 


0.8Vdd 


Vdd 

V 

2 

Output low voltage 

. Volt 

Iol= 2.0mA 



0.4 

V 

3 

Output high voltage 

VOHT 

Ioh= 1.0mA 

2.4 



V 

3 

Output low voltage 

VOLC 

IoL=0.6mA 



0.4 

V 

4 

Output high voltage 

V OHC 

Ioh — 0.6m A 

Vdd— 0.4 



V 

4 

Pull-up current 

Ili 

> 

0 

II 

2 

> 


10 


A 

5 

Supply current 

Idd 

fosc = 4MHz 






Oscillator frequency 

fosc 

With crystal oscillator 


4 


MHz 

6 

Ext. clock frequency 

fCL 


0.2 


4 

MHz 

6 

Ext. clock duty 

Duty 


47.5 

50 

52.5 

% 

6 

Rise time 

tRCL 




50 

ns 

6 

Fall time 

tFCL 




50 

ns 

6 


Note 1: Applied to pins MDo - MD 7 , RI 0 -RI 7 , D 0 -D 7 , CS, RS, CE, WR, RD, and DOFF. 

Note 2: Applied to pins TEST and CGin. 

Note 3: Applied to pins MA 0 -MA 15 , MD 0 -MD 7 , MWR, MRD/D 0 -D 7 , BUSY, and DTMG. 

Note 4: Applied to pins CL^ CL 2 , S, DU 0 -OU 3 , DL 0 -DL 3 , and M. , 

Note 5: Applied to pins TEST, MA 0 -MA 15 , MD 0 -MD 7 , RI 0 -RI 7 , D 0 -D 7 , CS, RS, CE, WR, RD, and DOFF. 
Note 6: Applied to pins CGin and CGout. 
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■ AC Characteristics 


(1) LCD control signal (Vcc=5V±5%, fosc = 4MHz, a=15pF, Ta=0~ + 50”C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Data setup time 

tSD 


100 

375 


ns 

Data hold time 

tHD 


50 

125 


ns 

Clock pulse low width 

tWLC 


150 

250 


ns 

Clock pulse high width 

tWHC 


150 

250 


ns 

Clock cycle time 

tWCL2 



500 


ns 

Clock delay time 

tDCLl 


0 

125 


ns 

Clock pulse width 

tWCLl 


2 

4 


^s 

Clock delay time 

tDCL2 


0 

135 


ns 

Data delay time 

tDM 




.500 

ns 

Data hold time 

tHS 


2 



^s 

Data setup time 

tss 


2 



^s 

Signal rise time 

tr 

0.1Vdd~0.9Vdd 



50 

ns 

Signal fall time 

tf 

0.1Vdd~0.9Vdd 



50 

ns 
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(2) Writing display control command (Vdd= 5V + 5%, Ta=0~ + 50‘C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Signal setup time 

tSRS 


500 



ns 

Signal pulse width 

tWWR 

WR and CS overlap time 

220 



ns 

Signal hold time 

tHRS 


30 



ns 

Data setup time 

tSD 


250 



ns 

Data hold time 

tHD 


30 



ns 



(3) Control signal timing (Vdd= 5V±5%, fosc=4MHz, Ci=15pF Ta=0~ + 50C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Signal delay time 

tDWR 

I 

0.2 

1 


MS 

Signal delay time 

tDDT 


0.2 

1 


MS 

Signal setup time 

tSDT 


0.2 

1 


MS 

Signal delay time 

tDBU 


0.2 

1 


MS 

Signal delay time 

tOFF 




200 

ns 
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■ Display Control Commands 

Display control is accomplished by writing com- 
mands and data into the command and data regis- 
ters. 

(1) Mode control 

When writing data into the data register, write 
code 00H into the command register to specify the 
Write Mode Control register. 


Register name: Mode Control register 


RS 

D? 

De 

D 5 

D4 

D3 

D2 

Di 

Do 

1 

0 

0 

0 

0 

o J 

0 

0 

0 

0 

0 

0 

0 

MODE DATA 


Data contents 


D4 

| 1: 4-bit parallel output 0: 1-bit serial output 

D3 

1: Character mode 

0: Graphic mode 

D2 

1: Display ON 

0: Display OFF 

Di 

1: Cursor blink (character blink when cursor is off.) 

Do 

1: Cursor ON 

0: Cursor OFF 


(2) Setting character pitch 


Register name: Character Pitch register 


RS 

D? 

De 

Ds 

D4 

D3 

D2 

Di 

Do 

1 

0j 

0 J 

0 

0 

0 

0 

0 

1 

0 

(VP-1) 

0 

0 

(HP) 


VP: Vertical pitch in character mode. Invalid for Graphic mode. 
HP: Horizontal pitch in character mode. Invalid for Graphic mode. 

The HP can take on any of the following three 
values. However, when in the 4-bit parallel output 
mode, the horizontal character pitch is fixed at 8. 


HP | 

Di 

Do 


5 

0 

1 

Horizontal character pitch 5 

6 

1 

0 

Horizontal character pitch 6 

8 

0 

0 

Horizontal character pitch 8 


(3) Setting the number of characters per row 


Register name: Characters Per Row register 


RS 

D7 

De 

Ds 

D4 

Ds 

D2 

Di 

Do 

1 

0 

0 

0 

0 

0 

0 

1 

0 

o 

0 

(HN-1) 

1 


HN: Specifies the number of characters per row when in the char- 
acter mode, and the number of bytes per row when in the 
Graphic mode. When in the 4 -bit parallel output mode, HN 
should be set to a multiple of four (4). 

Nunmber of pixels per row NX: 

NX=HP x HN in Character mode 
NX=8 x HN in Graphic mode 

(4) Setting display duty 


Register name: Display register 


RS 

D? 

De 

Ds 

D4 

Ds 

D 2 

Di 

Do 

1 

0 

0 

0 

0 

0 J 

0 

1 

1 

0 

(NY-1) 


NY: Display duty 1/(32-256) 


(5) Setting cursor position 


Register name: Cursor Position register 


RS 

D? 

De 

Ds 

D 4 

D 3 

D2 

Di 

Do 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

(CP-l) 


CP: Specifies the row on which the cursor is located in Charac- 
ter mode. The horizontal length of the cursor is identical to 
the HP. 


(6) Setting lower byte of display start 
address (upper screen) 

Register name: Display Start Address register 


RS 

Dv 

De 

D5 

D4 

D3 

D2 

D1 

Do 

1 

0 

0 

0 

0 

1 

0 

0 

0 


Lower byte of start address 


(7) Setting upper byte of display start 
address (upper screen) 

Register name: Display Start Address register 


RS 

Dv 

De 

D5 

d 4 

Ds 

Ds 

Di 

Do 

1 

0 

0 

0 

0 

1 

0 

0 

1 


Upper byte of start address 


This command sets the display start address for 
the upper section of the screen. The display start 
address refers to the RAM location in which the 
data to be displayed in the upper left corner of the 
screen is stored. 

(8) Setting lower byte of display start 
address (lower screen) 

Register name: Display Start Address register 


RS 

Dv 

De 

Ds 

d 4 

Ds 

D2 

Di 

Do 

1 

0 

0 

0 

0 

0 

1 

0 

1 


Lower byte of start address 


(9) Setting upper byte of display start 
address (lower screen) 

Register name: Display Start Address register 


RS 

Dv 

De 

Ds 

D4 

Ds 

D 2 

Di 

Do 

1 

0 

0 

0 

0 

0 

1 

1 

0 


Upper byte of start address 


This command sets the display start address for 
the lower section of the screen. The display start 
address refers to the RAM location in which the 
data to be displayed in the upper left corner of the 
lower section of the screen is stored. 
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(10) Setting lower byte of cursor address 
Register name: Cursor Address register 


RS 

d 7 

D 6 

Ds 

D 4 

D 3 

D 2 

Di 

Do 

1 | 

0 

0 

0 

0 

1 1 

0 

1 

0 


Lower byte of cursor address 


(11) Setting upper byte of cursor address 
Register name: Cursor Address register 


RS 

d 7 

D s 

D 5 

D 4 

D 3 

D 2 

D, 

D 0 

1 

. 0 

0 

0 

0 

1 

0 

1 

1 


Upper byte of cursor address 


This command sets cursor address data into the 
cursor address counter. 

(12) Setting latch pulse period 


Regipter name: Latch Pulse Period register 


RS 

d 7 

D 6 

d 5 

d 4 

D 3 

D 2 

Di 

D 0 

1 

0 

0 

0 

0 

0 

1 

1 

1 

0 

0 

(NLP-1) 


NLP: HN + 1 < NLP < 128 when in serial mode. 

HN/4 + 1 < NLP ^ 128 when in 4-bit mode. 

The display frequency fd is related with the latch pulse period 
NLP by the following formula: 
f d = 1/(8NLP. TXS. NY) 

TXS: Shift clock period 

TXS = 500 ns when OSC frequency is 4 MHz. 


(13) Setting display RAM access mode 


RS 

d 7 

De 

D 5 

D 4 

D 3 

D 2 

D, 

D 0 

1 

0 

0 

0 

0 

1 

1 

0 

0 

0 

DATA 


I/O mode is selected by writing OCH into the 
command register. When BUSY = 1, the display 
RAM location specified by the Cursor Address 
register can be accessed through DI 0 -DI 7 for read 
or write operations. 

The LR3692 also permits direct display RAM 
access using the address data furnished from the 
CPU. In either case the value of the Cursor 
Address register is incremented each time the dis- 
play RAM is accessed. 

■ System Configuration 
(1) Interface with CPU 

As shown in Figs. 1 and 2, the LR3692 (LCDC) 
is connected to the standard bus of the Z80-type 
CPU, using it as a means of transferring data and 
commands. 

If the CS is at low and RS is at high, the com- 
mand register within the LCDC is specified and 
the data on the data bus is written in. The write 
timing is determined by the WR signal. If the CS is 
at low and RS is at high, the contents of the 
LCDC's internal register requested by the com- 
mand register cannot be read. 

The CE, BUSY, DOFF, and DTMG signals are 
used for CPU access to the display RAM. 



Fig. 1 Interface with CPU(l/0 mode) 
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Ao~ Al5 

Z80A 

CPU 


MREQ 


IQRQ 

RD 

WR 


WAIT 


Do-Dyfc 







L" T * 



-n Decoder 1 l 

1 ^ 


l 

1 


1 > 

l 

1 


LR74HC244X2 


ft<5= 




Display RAM 


RS 


CE 

CS 

RD 

WR 


LR3692 

LCDC 


BUSY 


DOFF 

DTMG 

Do~D7 

MAo~MAi 

MDo~MD7 

MRD 


MWR 


Fig. 2 Interface with CPU (Direct mode) 


(2) CPU access to display RAM 

CPU access to the display RAM includes the I/O 
mode which is made through the LCDC, and the 
Direct mode which is directly performed from the 
CPU. 

© I/O mode A sample system configuration 
for I/O mode access is shown in Fig. l.A value for 
OCh is first set into the command register. If the 
BUSY is high, CS is low, and RS is low, the RD , 
WR, and D0-D7 lines are linked to the MRD, MWR, 
and MDo-MD? lines, respectively. At this time the 
value of the Cursor Address register is output at 
the MA0-MA15 pins. The Cursor Address register 
is incremented at the rising edge of the RD or WR 
signal. The BUSY line is set to high during the fly- 
back period in which the LCDC does not access the 
display RAM. Setting the DOFF to low causes the 
BUSY to be set to high, making the display RAM 
accessible at any timing. At this time, the LCD dis- 
play is turned off. 

® Direct mode A sample system configura- 
tion for Direct mode access is shown in Fig. 2. The 
Direct mode is selected if the value of the com- 
mand register is anything but OCh. If BUSY is 
high and CE is low, the RD, WR and D 0 -D 7 pins 
are linked to the MRD, MWR, and MD 0 -MD 7 lines, 
respectively. At this time the DTMG is set at low 
and the MA 0 -MA 15 pins are set to high impedance, 
to transfer the address specified of the CPU direct- 


ly to the display RAM. The Cursor Address Regis- 
ter is incremented at the rising edge of the RD or 
WR signal. The functions of the BUSY and DOFF 
signals are identical to those in the I/O mode. 

Note: In either mode the BUSY signal is output only when the 
CPU is accessing the display RAM. (When CE = 0 in 
Direct mode; when CS = 0, RS — 0 a nd the command regis- 
ter value is OCh in I/O mode.) The BUSY is set to high in 
all other cases. 

■ LCD Control 
(1) Graphic mode 

The Graphic mode is selected by the Mode Con- 
trol register value. In this mode each bit of the dis- 
play RAM corresponds to each pixel on the LCD 
screen. 

® Screen configuration The numbers of 
pixels per row and per column are determined by 
the values of the Character-Per-Row register and 
Duty register. 

No. of pixels per row: HNX8, HN = 16 to 128 
No. of pixels per column: NYX2, NY = 32 to 256 
(When both the upper and lower sections of the 
screen are used.) 

© Display start address The display start 
address refers to the first location of the display 
RAM area to displayed, specified by 16-bit data. 
Independent specification for the upper and lower 
sections of the screen is possible. Further, the uti- 
lization of display start address makes page con- 
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Display RAM 


Upper screen start address 


Lower screen start address 



LCD panel 



8XHN line > 

NY 

line 

a7 a6 as a4 a3 a 2 ai ao| 

: — : 1 

Upper screen 

ny : 

line 

k. k_ k k- k. L. k 1 _ 

07 D6 05 04 03 D2 01 D0| "" -*■ 

Lower screen 


Fig. 3 Screen configuration (Graphic mode) 


trol and screen scroll possible. 

(2) Character mode 

The Character mode is specified by the value of 
the Mode Control register. In this mode pixel pat- 
terns are displayed by combining character codes 
of the display RAM with the corresponding char- 
acter patterns of the character generator ROM, 
(CGROM). 

CD Screen configuration The numbers of 
characters per row and per column are determined 
by the content of the Character-Per Row register, 
Duty register, and Character Pitch register. 

No. of characters per row: HN=16 to 128 
No. of characters per column: NYX2/VVP, NY=32 
X 256 

(When the upper and lower sections of the screen 
are used.) 

The numbers of pixels per row and per column 
are determined as follows: 

No. of pixels per row: HHYX2 

HP 9 


(2) Character font The character font is 
specified by the value of the Character Pitch reg- 
ister. 

Horizontal pitch: HP=5, 6, 8 
Vertical pitch: VP=1~16 

Fig. 4 shows art example of character font. If HP = 
5 or 6, the LSB side of the RIo-RI? is invalid. 

(D Cursor display The cursor display mode 
is determined by the value of the Mode Control reg- 
ister. The cursor position is specified by the value 
of Cursor Address register. Since the character 
code address on the display RAM is specified for 
cursor position specification, screen scrolling is 
accompained by cursor scrolling., 

The cursor position in a character font is speci- 
fied by the Cursor Position register. 

® Cursor blink Cursor or character blink- 
ing is controlled by the Mode Controll register. 

CGROM address 


I RI? ^ ^ Rio I 

□ ■■■■■ □ □ 

□ □□'□□□□□ 


□ □□□□□□□ 


MAi5 MAh MAlS MAl2 
0 0 0 0 

0 0 0 1 

0 0 10 

0 0 11 

0 10 0 

0 10 1 

0 1 1 '0 

0 1 1 1 

10 0 0 

10 0 1 


Fig. 4 Example of character font (HP=8, VP=10, CP=9) 
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Fig. 5 Connections to CGROM and LCD panel 


Blinking is performed for approx. 1H (64 frams) at 
1/2 duty. 

(3) Parameter setting 

® Display frequency The LR3692 uses 
the two-frame AC display system. The display sys- 
tem. The display frequency is determined by Dis- 
play Duty and the value of the Latch Pulse Period 
register. 

One frame period: Td=8NLP.TXS.NY 
Display frequency: fd=l/Td 


(TXS = 500 ns when OSC frequency is 4 MHz.) 
(2) Flyback period The LCDC does not ac- 
cess the display RAM during flyback period. 

Flyback period TDIS: 

When in Serial mode: TDIS= I 8 (NLP-1)-8HN I 
. TXS 

When in 4-bit mode: TDIS- | 8 (NLP — 1) — 2HN | 
.TXS 


Retrace time 

r 1 

cli n 


Retrace time 


r~L 


Fig. 6 Flyback period 
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LCD Dot Matrix Driver CMOS LSI 


■ Description 

The LH5006A has 2 sets of 20-stage bidirec- 
tional shift registers, 2 sets of 20 -bit latches and 2 
sets of 20 LCD drivers, so it converts serial char- 
acter pattern data to parallel data and provides 
selected or nonselected waveforms output in 
accordance with mode select signal. 


■ Features 

1. CMOS process 

2. 40-LCD driver circuit 

(a half of 40 drivers can be used either as seg- 
ment signal drivers or as common signal 
drivers) 

3. Single power supply : — .5V (TYP.) 

4. 60-pin quad-fiat package 



■ Block Diagram 


Output Power Supply for LCD Drive Output 
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Pin Description 


Pin name 


Name 


I/O 


Functions 


Y!~Y 2 


Liquid crystal output 


Ch. 1 liquid crystal output 


Ch. 2 liquid crystal output 


SHL X 


Ch. 1 data shift 
direction selection 


SHLx 

DL X 

DRi 

Shift direction 

Low 

IN 

OUT 

SRi SR 2 o 

High 

OUT 

IN 

SR 2 q SRi 


SHL 2 


Ch. 2 data shift 
direction selection 


shl 2 

dl 2 

dr 2 

Shift direction 

Low 

IN 

OUT 

SR 21 — SR 4 o 

High 

OUT 

IN 

SR 4 o~SR 2 i 


FCS 


Ch. 2 mode selection 


FCS 

Mode 

High 

Common signal drive mode 

Low 

Segment signal drive mode 


M 


Clock for liquid crystal 
drive circuit 


Common signal drive mode 


Segment signal drive mode 


M 

Display 

Non- 

display 

High 

v 2 

V 6 

Low 

V, 

v 5 


M 

Display 

Non-display | 

Ch. 1 

Ch. 1 

High 

V! 

V 5 

V 3 

Low 

V 2 

V 6 

V 4 


DLi, DRx 


DL 2 , DRo 


Data output 


I/O 


Ch. 1 input/output 


Ch. 2 input/output 


CLi, CL 2 


Clock 


Clock for data latch 


Vi, V 2 


V 3 , V 4 


Vs, Vs 


Liquid crystal drive circuit 
output voltage supply 


Purling select 


Ch. 1 durling non-select 


Ch. 2 durling non-select 


For logic circuit (~5V) 


Power supply 


For liquid crystal drive circuit (— 17V) 


GND 
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■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Applied voltage* (logic) 

Vdd 

+ 0.3 7.0 

V 

Applied voltage* 

(LCD drive circuit) 

Vee 

+ 0.3 13.5 

V 

Input voltage* 

Vin 

+ 0.3~V DD — 0.3 

V 

Operating temperature 

Topr 

— 10 — H70 

°c 

Storage temperature 

T st fi 

— 55 — h 150 

°c 


*The maximum applicable voltage on any pin with respect to V S s- 


■ DC Characteristics (V ss =gnd, v dd =-5 + 5%, v EE =-iov±io%,Ta=-io~+70°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input low voltage 

V IL 




-3.5 

V 

Input high voltage 

V,H 


-1.5 



V 

Output low voltage 

VoL 

I O L=0.4mA 



V D d +0.4 

V 

Output high voltage 

V OH 

Vqh ~ 0.4 m A 

- -0.4 



V 

Voltage drop between 

V D1 

When 1mA current flows into one of the pins Y 2 through S 40 



1.1 

V 

Yr-Yi 

Vd2 

When 0.2mA current flows into each of pins Yi through S 40 



1.5 

V 

Input leakage current 

1 Ili 1 




5.0 

M 

Output leakage current 

1 Ilo 1 




10.0 

M 

Logic current consumption 

I LOG 

Logic clock 1.6MHz 



3.0 

mA 

LCD driver current consumption 

Idrv 

LCD driver clock 1kHz 



10.0 

M 


■ AC Characteristics (V ss =gnd, v dd =-5±5%, v ee =- 18 — i6v,Ta=-io~+70t) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Clock high width 

tcwH 


250 


ns 

1 

Clock low width 

tcwL 


250 


ns 

2 

Data setup time 

tsu 


70 


ns 

3 

Clock setup time (CL 2 “*’CL 1 ) 

tsL 


200 


ns 

1 

Clock setup time (CL 1 -*-CL 2 ) 

t LS 


200 


ns 

1 

Output delay time 

tpd 

C L = 15pF 


180 

ns 

3 

Clock rise/fall time 

tct 



50 

ns 

1 


Note 1: 

Applicable pins 

CLj, CL 2 

Note 2: 

Applicable pin 

cl 2 

Note 3: 

Applicable pins 

dl 4 , DR 4 , dl 2 , dr 2 
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j iff Iff II I I / / / / / / 


LH5021A/LH5022 ^ D os ^ s “ Driver 


■ Description 

LH5021A/LH5022 is an LCD driver LSI which 
can receive either serial input data or parallel in- 
put data. In case of the serial input mode, it can 
be connected in series. It converts character pat- 
tern data input to parallel data output with 80-bit 
latch circuit and provides character pattern wave- 
forms output in accordance with mode select signal. 

■ Features 

1. CMOS process 

2. 80-LCD driver circuit 

3. 4 functions selectable as follows 

( a ) Segment signal drivers on the serial input 
mode 

(b) Segment signal drivers with the chip-select- 
able function on the serial input mode 

( c ) Segment signal drivers with the chip-select- 
able function on the parallel input mode 

(d) Common signal drivers on the serial input 
mode 

4. Auto count function ; in a chip selected state, 
counts 80 input data automatically and stops 
the internal clock CL 2 

5. Power supply voltage : — 5V (TYP.) 

6. Display voltage 
LH5021A : -17V (TYP.), 

LH5022 : ~24V (TYP.) 

7. 100-pin quad-flat package 


■ Pin Connections 
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Block Diagram 


Powe!r Supply 
for LCD Drive w c« 
Mode Select ' — A — \ > > 


Output 


Chip Select Chip Select 
Input Output 



<86) Vdd 


rVss 


.Serial Data 
Output 


SHARP 


871 






LCD Dot Matrix Driver CMOS LSI 


LH5021A/LH5022 



Pin Description 


Pin name 
VPD 
Vee 
Vss 

V 3 , v 4 

Yj-Ysp 

CLj 
CL 2 


FCS, PS 


Dli-DLt 


Power supply 

Liquid crystal drive circuit 
output voltage supply 


Mode select 


Liquid crystal drive waveform 
AC conversion signal input 


Display data input 

Serial data output 
For 

chip select 


Functions 

For logic circuit (~~5V) 

For liquid crystal drive circuit (LH5021A: —17V, LH5022: —24V) 
GND 

Purling non-select, however V S s> (V 3 , V 4 )>Vee 

For data latch *Must be applied when 4 times the shift clock 
For data shift 


FCS 

PS 

Mode 

Chip select 

DO out. 

Low 

Low 

1-bit serial input 
segment driver 

X 

o 

Low 

High 

4 -bit parallel input 
segment driver 

o 

High 

High 

Low 

1-bit serial input 
segment driver 

o 

High 

High 

High 

Commnn driver 
(serial input) 

X 

o 


Note 1: In the serial input mode, data is supplied from 
the DIx pin. 

Note 2: The relationship between data input during 4-bit 
parallel input and the Y output is as follows. 

• Dix : Yx, Y 5 , Y 9 , - Yia, y 77 

•DI 2 : Y 2 , Y 6 , Yio, ••• Y 74 , y 78 
•di 3 : Y 3 , y 7 , Yu, ••• y 75 , y 79 

• di 4 : y 4 , y 8 , Yx 2 ,-y 76 , y 80 

Note 3: When used as a comon driver, the clock used for 
transfer is input to the CL 2 pin. CLx is internally 
fixed. 

Note 4: To minimize current consumption, it is necessary 
to fix unused input pins to the same level as the 
; Vss pin or the V DD pin, 

Common signal drive mode Segment signal drive mode 


Latch data 

M 

Yout. 

Latch data 

M 

Y out. 

Low 

Low 

v 3 

Low 

Low 

V 3 

(non-display) 

High 

High 

Low 

v 4 

Vee 

(non-display) 

High 

High 

Low 

v 4 

GND 

(display) 

High 

GND 

(display) 

High 

t Vee 


When used with a common driver and in the serial input 
mode, supply the data to the DI : pin. In this case, it is 
necessary to fix PI 2 — PI 4 to the V S s level or the V DD level . 
When used in the chip select mode, it becomes high level. 
Used only in the chip select mode. 

(1) The (CLx • CL 2 ) timing causes EO to become low level. 

(2) After (1), the device is set to the select mode by inputting 
a high signal to El, and the input data is read in accord- 
ing to the timing of the fall of CL 2 . 

(3) When 80 items of input data (equivalent to 80 CL 2 clock 

cycles in the serial mode or 20 CL 2 clock cycles in the 
4-bit parallel mode) have been read in, EO automatically 
becomes high level and data read in is terminated. EO is 
reset 1.5 cycles later. 








LCD Dot Matrix Driver CMOS LSI 


LH5021 A/LH5022 


Pin name 

Name 

I/O 

Functions 




(4) When two or more devices are used in the chip select 
mode, EO of the first stage and El of the second stage are 
connected and used. 

1 . EO of all devices connected is reset by (1) and goes 

to the non-select condition and waits for El input. 

2 . When a high signal is applied to El of the initial de- 

vice in the cascade connection, this device performs 
the operations in (2) and (3). 

3 . Connecting EO of the initial devices to El of the next 

devices causes the devices perform the operations in 
(2) and (3) after the initial device. This operation is 
repeated in the same manner for all subsequent de- 
vices. 

In the non-select condition, the shift clock CL 2 stops in- 
ternally, so power consumption becomes extremely small. 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

LH5021A 

Ratings 

LH5022 

Ratings 

Unit 

Note 

Applied voltage (logic) 

Vdd 

— 7 — 1-0.3 

— 7 — h0.3 

V 

1 

Applied voltage 

(Liquid crystal drive circuit) 

V E , 

— 20 — h0.3 

— 30 — K0.3 

V 

1 

Input voltage (logic) 

V,N 

V dd -0.3~+0.3 

V dd -0.3~ + 0.3 

V 

1 

Operating temperature 

T„ Dr 

-20- + 70 

— 20 — H70 

°c 


Storage temperature 

Istg 

— 55 — hl50 

— 55- + 150 

°c. 



Note 1: The maximum applicable voltage on any pin with respect to V ss . 


■ DC Characteristics 


Parameter 

Symbol 

Conditions 

| LH5021A 

* i 

LH5022* 2 

Unit 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Input low voltage 

Vil 




0.8V dd 



0.8 V DD 

V 

Input high voltage 

V,H 


0.2V dd 



0.2V dd 



V 

Output high voltage 

VoL 

Iol — 0.4mA 



V dd +0.4 



V dd +0.4 

V 

Output low voltage 

Vqh 

Iqh = 0.4mA 

-0.4 



-0.4 



V 

Voltage fall between Vj~ Yj 

Vdi 

1 mA to one of 
Y!-Y 80 



1.1 



1 

V 

Voltage fall between Vj — 

Vd2 

0.2 mA to each 
of Yi-Ygo 



1.5 



1.5 

V 

Input leakage current 

1 Ilx 1 




1 



1 

M 

Output leakage current 

1 Ilo i 




10 



10 

M 

Logic circuit selection 

Ilog 

1 bit serial 
transfer (3.3MHz) 


2.2 

6.0 


2.0 

5.0 

mA 

current consumption 

4 bit parallel 
transfer (2.0MHz) 


1.0 

2.0 


1.0 

2.0 

mA 


*1 V EE = — 17V ± IV 
*2 V EE = — 24 V 
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■ AC Characteristics 

(1) 1 -bit Serial InputSegment Driver (PS =FCS= “Low”) (V D d= _ 5V±io%, v ss =ov, Ta=-20~+70t:) 


Parameter 

Symbol 

Conditions* 1 

MIN. 

MAX. 

Unit 

Applicable pins 

Clook frequency 

tc 


300 


ns 

cl 2 

High-level clock width 

tcwH 


130 


ns 

cl 2 

Low-level clock width 

tcWL 


130 


ns 

CL X , CL 2 

Data setup time 

tsu 


70 


ns 

DIi 

Data hold time 

t H 


50 


ns 

DIi 

Output delay 


C L = 15pF 


230 

ns 

DO 

High-level latch clock width 

1-LWH 


130 

*3 

ns 

CL X 

Clock margin time 
(from CLi i to CL 2 i ) 

td2 


20 


ns 

CLi, CL 2 

Clock margin time * 2 
(from CL 2 i to CLi i ) 

tc21 


200 


ns 

CLi, CL 2 

Clock margin time 
(from CL 2 t to CL X t ) 

tp21 


20 


ns 

CLi, CL 2 

Clock t , i time 

tcT 



50 

ns 

CLi, CL 2 

Overlap time of 

CL 2 “L” and CLx “H” 

tov 


130 


ns 

CLj,CL 2 






LCD Dot Matrix Driver CMOS LSI 


LH5021 A/LH5022 


(2) 4-bit Input Segment Driver (PS = “High”, FCS= “Low”) (V DD =— 5V±10%, V ss =0V,Ta=— 20—+70T:) 


Parameter 

Symbol 

Conditions* 1 

MIN. 

MAX. 

Unit 

Applicable pins 

Clock frequency 

tc 


500 


ns 

cl 2 

High-level clock width 

tcwH 


230 


ns 

cl 2 

Low-level clock width 

tcwL 


230 


ns 

CLi, CL 2 

Data setup time 

tsu 


70 


ns 

DI lf DI 2 , DI 3 , DI 4 , El 

Data hold time 

t H 


50 


ns 

DIx, DI 2 , DI 3 , DI 4 , El 

Output delay 

tD 

C L =15pF 


230 

ns 

EO 

High-level latch clock width 

1-LWH 


130 

*3 

ns 

CLx 

Clock margin time 
(from CLi J to CL 2 i ) 

tci2 


20 


ns 

CLi, CL 2 

Clock margin time * 2 
(from CL 2 i to CLi i ) 

tc21 


200 


ns 

CL lf CL 2 

Clock margin time 
(from CL 2 t to CLi t ) 

tp21 


20 


ns 

CLi, CL 2 

Clock t , i time 

t C T 



50 

ns 

CLl cl 2 

Overlap time of 

CL 2 “L” and CL X “H” 

tov 


130 


ns 

CLi, CL 2 


Test conditions 

Input frequency 1 0.8V DD , 0.2V DD ; Input reference level : 0.8V DD , 0.2V DD ; Output reference level : 0.2V DD , 0.8V DD 
*1 LH5021A V EE = — 17V + IV, LH5022 : V EE =-24V 

* 2 Internal shift register determination time 

* 3 1.5t c tci2 — tp2i 3tcT 
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LCD Dot Matrix Driver CMOS LSI 


LH5021 A/LH5022 


(3) Common Driver (PS=‘ 

‘Low”, FCS = “High”) 

(V DD = — 5V + 10%, V; 

ss = 0 V, Ta= - 20 ~ + 70°C ) 

Parameter 

Symbol 

Conditions* 1 

MIN. 

MAX. 

Unit 

Applicable pins 

Clock frequency 

tc 


1000 


ns 

cl 2 

High-level clock width 

tcwH 


130 


ns 

cl 2 

Low-level clock width 

tcWL 


830 


ns 

cl 2 

Data setup time 

tsu 


70 


ns 

DIi 

Data hold time 

t H 


50 


ns 

DL 

Output delay 

tD 

C L =15pF 


500 

ns 

DO 

Clock t , I time 

tcT 



50 

ns 

cl 2 


Test conditions 

Input frequency I 0.8V DD , 0.2V DD ; Input reference level : 0.8V DD , 0.2V DD ; Output reference level : 0.8V DD , 0.2V DD 
*1 LH5021A V EE =-17V±1V, LH5022 .* V EE =-24V 
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LCD Dot Matrix Driver CMOS LSI 


LH5021 A/LH5022 


(4) 1-bit Serial Input Segment Driver (PS=“Low’’, FCS=“High”) 

(V DD = — 5V ± 10%, V ss =0V, Ta= — 20 — 1-7013) 


Parameter 

Symbol 

Conditions* 1 

MIN. 

MAX. 

Unit 

Applicable pins 

Clock frequency 

tc 


380 


ns 

cl 2 

High-level clock width 

tcwH 


170 


ns 

cl 2 

Low-level clock width 

tcWL 


170 


ns 

CLx, CL 2 

Data setup time 

tsu 


70 


ns 

DI lf El 

Data hold time 

t H 


50 


ns 

DI lf El 

Output delay 

fD 

C L =15pF 


230 

ns 

EO 

High-level latch clock width 

i-LWH 


130 

*3 

ns 

CL! 

Clock margin time 
(from CLi 1 to CL 2 1 ) 

i-ci 2 


20 


ns 

CLi, CL 2 

Clock margin time * 2 
(from CL 2 1 to CL! | ) 

tc 21 


200 


ns 

CLi, CL 2 

Clock margin time 
(from CL 2 t to CL X t ) 

tp21 


20 


ns 

CLj, CL 2 

Clock t , 1 time 

tcT 



50 

ns 

CLi, CL 2 

Overlap time of 

CL 2 “L” and CLi “H” 

tov 


130 


ns 

CLj, CL 2 


Test conditions 

Input frequency I 0.8V DD , 0.2V DD ; Input reference level : 0.8V DD , 0.2V DD ; Output reference level : 0.2V DD , 0.8V DD 
*1 LH5021A V EE = — 17V + 1V, LH5022 : V EE =-24V 

* 2 Internal shift register determination time 

* 3 1 .5tc — t C i 2 — t P2 1 — 3tcT 
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LCD Dot Matrix Driver CMOS LSI 


LH5821 /LH5822/LH5823 


LH5821/LH5822/LH5823 

LCD Dot Matrix Driver CMOS LSI 

■ Description 

The LH5821/LH5822/LH5823 are CMOS driv- 
er LSIs for LCD dot matrix display. 

Any one of display duty ratio, 1/7 — 1/20 can be 
selected by programming. 

Write and read to/from the built-in RAM of dis- 
play data can be made only by 3 signals, serial 
data, synchronous signal, and transfer clock. 

The LH5826 is available for segment output ex- 
pansion. 


■ Features 

1. Display data RAM : 1280bits 

2. 10-bit serial data transfer 

3. Built-in oscillator for display 

4. Duty (Selectable by programming) 
LH5821 : 1/7-1/20 
LH5822 : 1/7-1/18 
LH5823 : 1/7-1/16 

5. Segment output 
LH5821 : 44bits 
LH5822 : 46 bits 
LH5823 : 48 bits 

6. Common output 
LH5821 : 20 bits 
LH5822 : 18 bits 
LH5823 : 16 bits 

7. Clock output for double voltage 

8. Power supply voltage : 5V (TYP.) 

9. Display voltage 

LH5821, LH5822 : 12V (MAX.) 
LH5823 : 10V (MAX.) 

10. 80 -pin quad -flat package 


■ Pin Connections 


_ -OyoQ o ~ ~ oo 2 2 

c- M n - E Q UhJZO X <0.a.a.CL,CL.CUCU 
COCflC/)Cfltf)C/i>Cfl>OOJ>>CQCQCQmCQCQCQ 



Top View 



37 pin 

38 pin 

63 pin 

64 pin 

LH5821 

BP, 8 

BPib 

BP, 7 

BPm 

LH5822 

S 18 

BP,h 

BPl7 

Sm 

LH5823 

S 1 8 

Sib 

Si? 

S,q 
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LCD Dot Matrix Driver CMOS LSI 


LH 5821 / LH 5822/LH 5823 


■ Block Diagram 


Output 



Power Supply Clock 
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LCD Dot Matrix Driver CMOS LSI 


LH5821 /LH5822/LH5823 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 

Pin voltage* 

V CC 

-0.3- + 7 

V 

1 

v DP 

— 0.3 — P13(+ll) 

V 

1 

Operating temperature 

T„ or 

-5~ + 55 

°c 


Storage temperature 

Lt. 

— 5 — h 150 

°c 



Note 1: Referenced to GND. Value in parentheses ( ) applies to LH5823. 


■ Recommended Operating Conditions 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Supply voltage 

Vcc 

4.5 


5.5 

V 


Display voltage 

Vdp 

6 


12(10) 

V 

2 


Note 2: Value in parentheses ( ) applies to LH5823. 


■ DC Characteristics (v cc =4.5~5.5v,Ta=-5~55'C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input voltage 

V,H 


Vcc -0.8 


Vcc 

V 

3 

VlL 


0 


0.8 

Input current 

IlH 

VlH = Vcc 


25 

50 

M 

4 

IlL 

■< 

r 

II 

o 

< 



1 

Output voltage 

VqH 

Ioh 410 f. i A 

2.4 



V 

5 

J 

o 

> 

I OL = 1.6mA 



0.8 


Rq 

V CC =5V, V DS =1.0V 


80 


a 

7 

Output resistance 

Rseg 



1.0 

30 

kn 

8 

Rcom 

V D p=6V, Ta=25'C, V DS =1V 


1.5 

4.5 

kO 

9 


Rv 



40 

1 

a 

10 

Input leakage current 

1 II 1 





M 

6 


Icci 

Durling no-load blank display 
4=100kHz, f CLO =0Hz, Ta=25t 


200 

500 

M 


Current consumption 

ICC2 

Durling data write (write cycle 1/45 MHz) 
U =100kHz, f CL0 = 1MHz, Ta=25t 



2 

mA 



Idp 

Durling no-load blank display 
V DP =12V,f* = 100kHz, 1/16 duty 


5 

10 

M 



Note 3 

Applied to pins CL 0 , LC, SD 0 

Note 4 

Applied to pin LC 

Note 5 

Applied to pins SD 0 , H, 4 > 

Note 6 

Applied to all pins except LC 

Note 7 

Applied to pins Q, Q 

Note 8 

Applied to segment output pin. 

Note 9 

Applied to common output pin. 

Note 10 

Applied to pins V A , V B 


■ AC Characteristics 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

CL 0 cycle time 

Irc 


1 



M* 

LC hold time 

Ild 


0 



ns 

LC setup time 

Ils 


100 



ns 

SD 0 setup time 

tsSD 


100 



ns 

SD 0 input/output switching time 

tD 

C L =50pF 


80 

450 

ns 
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LCD Dot Matrix Driver CMOS LSI LH5821/LH5822/LH5823 


■ AC Timing Diagram 



■ Functions 


(1) Pin description 


Pin name 

No. of pins 

I/O 

Functions 

VcoGND 

3 


Power supply for logic circuit 

Vdp> Va, V m , V b 

4 


Power supply for liquid crystal drive 

LC 

1 

I 

Serial data transfer sync, signal 

CL 0 

1 


Serial data transfer clock input 

RX 

1 


Input clock oscillation pin 

RY 

1 


Input clock oscillation pin 

* 

1 


Clock output for display 

H 

1 


Liquid crystal frame sync, signal 

Q,Q 

2 


Clock output for double voltage generation 

S 20 ~S 63 (LH5821) 

44 

0 


S 18 ~S 63 (LH5822) 

46 


Liquid crystal segment drive signal 

Si6~S 63 (LH5823) 

48 



BP 0 ~BP 19 (LH5821) 

20 



BP 0 ~BP 17 (LH5822) 

18 


Liquid crystal common drive signal 

BP 0 ~BP 15 (LH5823) 

16 



SD 0 

1 

I/O 

Serial data input/output 


(2) Relationship between 10-bit serial data and modes 


10-bit data/mode 

Co 

Ci 

D 0 D ! D 2 

D 3 D 4 D 5 Dg D 7 

Chip select/duty setup mode 

0 

0 

Chip select data 

| Duty data 

RAM address setup mode 

0 

1 

A o A i A 2 

a 3 a 4 a 5 a 6 a 7 

8-bit data write mode 

1 

0 

Data 

8-bit data read mode 

1 

1 • 

Data 


(Ci, C 2 • Control data, D 0 ~D 7 .' Data) 
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LCD Dot Matrix Driver CMOS LSI 


LH5821 /LH5822/LH5823 


• LC single 

The LC signal is a sync, signal for serial trans- 
fer, and when LC is low, LSI remains in the stand- 
by condition regardless of the condition of SD 0 and 
CL 0 , When LC becomes high and clock CL 0 is sup- 
plied, the LSI is enabled. 

• CL signal 

The CL signal is the clock signal for serial trans- 
fer and is used to write and read serial transfer 
data SD 0 . 

• SD 0 signal 

The SD 0 signal is 10-bit serial transfer data of 
which the first 2 bits are control data and the re- 
maining 8 bits are data. In the read mode the SD 0 
pin becomes an output pin and outputs the 8-bit 
RAM data in serial. After the write or read mode 
has been executed, the lower 6 bits, A 0 -A 5 , of the- 
RAM address are automatically incremented, but 
Ag and A 7 do not change. 

• Chip select 

In the LSI, the chip select code is set at “0000”, 
so by inputting the chip select code “0000” through 
the SDq pin, this chip is selected. 

The RAM address setting and writing and read- 
ing of the 8-bit data is executed only for the chip 
selected, and once a chip is selected, it remains in 
the selected condition until a select code for the 
next chip is input. 


• 0 signal 

The 4 > signal is the clock output for display and 
is supplied to LH5826. 

• H signal 

The H signal is the frame period signal for the 
liquid crystal and is supplied to LH5826. When 
the power is turned on, the timing signal in each 
device is in an unsynchronized condition, and after 
the H signal is generated, they are synchronized. 

• Auto clear 

When the power is turned on, the display signal 
generates an OFF pattern. Auto clear is canceled 
when all of the duty data of the chip select duty 
data are made “1” and input, and then the contents 
of the RAM are displayed. The chip select duty 
does not change at this time. 

• Double voltage clock 

_ A double voltage clock is output from pins Q and 
Q. The Q and Q signals are clock signals made by 
dividing the display clock 4 > by 2, and their re- 
spective polarities are opposite. 



■ System Configuration 
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LCD Dot Matrix Segment Driver CMOS LSI 


LH5826 


LH5826 


LCD Dot Matrix Segment Driver CMOS LSI 


■ Description 

The LH5826 is a segment driver CMOS LSI for 
LCD dot matrix display. Write and read to/from 
the built-in RAM of display data can be made only 
by 3 signals, serial data, synchronous signal, and 
transfer clock. 

The LH5826 is available for segment output ex- 
pansion of the LH5821, LH5822 and LH5823. 


■ Features 

1. Display data RAM : 1280 bits 

2. 10-bit serial data transfer 

3. Segment output : 64 bits 

4. Up to 15 drivers expandable 

5. Power supply voltage : 5V (TYP.) 

6. Display voltage : 12V (MAX.) 

7. 80-pin quad-flat package 


■ Pin Connections 
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LCD Dot Matrix Segment Driver CMOS LSI 


LH5826 


■ Block Diagram 



■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 

Pin voltage 

Vcc 

— 0.3- + 7 

V 

1 

Vdp 

— 0.3 — h 13 

Operating temperature 

Topr 

-5~ + 55 

°C 


Storage temperature 

Tstg 

— 55 — b 150 

°C 



Note:l Referenced to GND. 


■ Recommended Operating Conditions 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vcc 

4.5 


5.5 

V 

Display voltage 

v DP 

6 


12 

V 


SHARP 



LCD Dot Matrix Segment Driver CMOS LSI 


LH5826 


I DC Characteristics (Vcc=5v+io%, Ta=-5~+55°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input voltage 

VlH 


Vcc-0.8 


Vcc 

V 

2 

VlL 


0 


0.8 

Input current 

IlH 

Vih = Vcc 


25 

50 

M 

3 

IlL 

> 

o 

II 

> 



1 

Output voltage 

VOH 

Ioh=400 fxA 

2.4 



V 

4 

VOL 

Iol= 1.6mA 



0.8 

I/O leakage current 

1 IL 1 




1 

M 

5 

Output resistance 

Rseg 

Vdp=6V, Vds= IV, Ta = 25°C 


10 

30 

k O 

6 

Current consumption 

Icci 

During still image display under no load 
f t = 100kHz, fcLO=0Hz, Ta=25‘C 


200 

500 

/'A 


ICC2 

During data write (write cycle 1/45 MHz) 
f t =100kHz, fcLO= 1MHz, Ta=25t: 



2 

mA 


Idp 

During still image display under no load 
Vdp=12V, f •/> =100kHz, l/20duty 


5 

10 

ju A 



Note 2: Applied to pins CLo, LC, SDo, H, and ^ . 
Note 3: Applied to pin LC. 

Note 4: Applied to pin SDo. 

Note 5: Applied to all pins other than LC. 

Note 6: Applied to pins So-S63. 


■ AC Characteristics (Ta=25t:) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

CLo cycle time 

tRC 


1 



/*s 

LC hold time 

tLB 


0 



ns 

LC setup time 

tLS 


100 



ns 

SDo setup time 

tSSD 


100 



ns 

SDo I/O switching time 

tLD 

CL=50pF 


80 

450 

ns 


■ AC Timing Diagram 




LC j 

tSSD 

V 7) ^ 

SDo (Input) ^ 


a : i_ 


Input mode Output mode 7 — *4*- Input mode 
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■ System Configuration 
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LCD Dot Matrix Segment Driver CMOS LSI 


LH5826 


■ Functions 

(1) Pin Description 


Signal 

No. of pins 

I/O 

Function 

Vcc, GND 

3 


Power supply for logic circuit 

Vdp, Va, Vb 

, 3 


LCD driving power 

* 

1 


Display clock input 

H 

1 

I 

LCD frame sync signal 

CSo~CS3 

4 


Chip select input 

LC 

1 


Serial data transfer sync signal 

CLo 

1 


Serial data transfer clock input 

RX 

1 


Connected Vcc or GND 

So S63 

64 

0 

LCD segment driver signal 

SDo 

1 

I/O 

Serial data I/O 


O 

(2) 10-bit serial data versus mode 


10-bit data/mode 

Ci 

C 2 

Do Di D 2 D 3 

D4 Ds D6 D 7 

Chip Select Duty Setting Mode 

0 

0 

Chip Select Data 

Duty Data 

RAM Address Setting Mode 

0 

1 

Ao Ai A 2 A 3 

A 4 As A6 Ai 

8-bit Data Write Mode 

1 

0 

Data 

8-bit Data Read Mode 

1 

1 

Data 


(Cl, C 2 : Control Data, D 0 -D 7 : Data) 


• LC signal 

The LC is a serial transfer sync signal input. If 
the LC is at low, the LH5826 maintains standby 
status ignoring the statuses of SDo and CLo. The 
device enters the enable status when the LC is set 
at high and the clock CLo is supplied. 

• CLo signal 

The CLo is a serial transfer clock input used for 
writing or reading serial transfer data SDo. 

• SDo signal 

The SDo is a 10-bit serial transfer data line. 
Data consists of two control bits and 8 data bits. 
When in the Read mode, the SDo pin functions as 
an output to deliver 8-bit RAM data in serial 
form. When read or write operation is completed, 
the lower 6 bits, A 0 -A 5 , of the RAM address are 
incremented. Bits A6 and Ai do not change, 
however. 

• CS0-CS3 pins 

The CS 0 -CS 3 are chip select inputs. On the 
LH5826 

the chip select code can take on a value between 


0001 and 1111 for CSs, CS 2 , CSi, and CSo, re- 
spectively. Chip select code 0000, used to select 
the LH5821-5823, cannot be used for the 
LH6826. 

• <P signal 

The 4> is a display clock input. The clock is 
supplied from the LH5821-5823. 

• H signal 

The H pin accepts an LCD frame sync signal 
from the LH5821-LH5823. When power is turned 
on, the internal timing signals of each device are 
asynchronous with each other. They are synchro- 
nized when the H signal is activated. 

• Auto clear 

When power is turned on, the display provides 
an OFF pattern (screen clear). The Auto Clear fea- 
ture is deactivated when all the chip select duty 
data are set at “1” whereupon the contents of RAM 
are displayed on the screen. At this time the chip 
select duty does not change. 
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LCD Dot Matrix Segment Driver CMOS LSI 


LH5035A/LH5036A 


LH5035A/LH5036A 

LCD Dot Matrix Segment Driver CMOS LSI 


■ Description 

The LH5035A/LH5036A are segment driver 
CMOS LSIs for LCD dot matrix graphic dis- 
play. To change the built-in 3.2K bit RAM con- 
tents enables the display pattern to be changed. 


■ Features 

1. Display data RAM : 3200 bits 

2. Segment output : 80 bits 

3. 1/32 or 1/40 duty 

4. Automatic address modify 

5. Scroll function 

6. Power supply voltage : 5V (TYP.) 

7. Display voltage :15 V (MAX.) 

8. 96-pin quad-flat package 




■ Pin Connections 
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LCD Dot Matrix Segment Driver CMOS LSI 


LH5035A/LH5036A 


■ Block Diagram 


LCD Power Supply Output 



* (NC*) is for LH5036A. 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 


V CC 

— 0.3 — K).7 

V 

1 

Pin voltage 

V D p 

-0.3- + 16 

V 


V T i 

-Q.3~V cc + 0.3 

V 

1,2 


v T2 

-0.3~V DP + 0.3 

V 

1,3 

Operating temperature 

T„„ r 

-5~ + 55 

°c 


Storage temperature 

T StB 

— 55 — H150 

°c 



Note 1: Referenced to GND. 

Note 2: Applied to pins HSi, 0 , LC, CL 0 , SD 0 , CSo~CS 3 , CH 
Note 3: Applied to pins V A , V B , S 0 ~S 79 


■ Recommended Operating Conditions 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

V cc 

4 


6 

V 

Display voltage 

Vdp 

9.6 


14.4 

V 
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LSD Dot Matrix Segment Driver CMOS LSI 


LH5035A/LH5036A 


■ DC Characteristics (V cc =4.o~6.ov, v DP =6.o~i5v,Ta=-5~55 < C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input voltage 1 

V,H 


2.4 


Vcc 

V 

4 

V, L 


0 


0.8 

Input voltage 2 

VlH 


3.2 


Vcc 

V 

5 

V IL 


0 


0.8 

Output voltage 

Voh 

I oh =400;uA 

2.4 



V 

6 

VoL 

I OL = 1.6mA 



0.8 

Output current 

IoH 

V DP -V 0H1 = 1V 

100 



M 

7 

IoL 

Vol=1V 

100 



Logic current consumption 

Icc 

V dp =15V, V cc =6V 

Durling no-load display 

4= 4kHz 

CL o =0Hz 

1/40 duty 


50 

300 

M 


Display current consumption 

Idp 


1 

20 

M 


Input current 

1 Ili 1 

Vin = 0 V or Vcc 


0.1 

1.0 

M 

8 

Output leakage current 

UloI 

Vout = 0V (Vb) or V C c (Va) 


0.1 

10 

M 

9 


Note 4: Applicable to pins LC, CL 0 , SD 0 , CSo-~CS 3 , CH; V C c = 4.5 ~ 5.5 V 
Note 5: Applicable to pins 0 0 , HSjj Vcc = 4.5~5.5V 
Note 6: Applicable to pins SD 0 ; Vcc = 4.5 — 5.5V 

Note 7: Applicable to pins So~S 7 9 ; V OH1 , Vqhi is light signal output “High”, “Low” voltage 
Note 8: Applicable to all input pins 

Note 9: Applicable to all output pins, ( ) applicable to segment output 


■ System Configuration 


Vcc 


Vdp Va Vb 






Ci 3 

II 1 

iR 





cl* 3 

_||1 

5 . 

t r 


C3 3 

JU 

> 

> r 




nr 

C 4 3 

iR 

— 


Vcc 


Hr 


Vcc 


T7 RX RY DYoDYi 
Vdp 

v » BPo 


Vm 


LH5030 


S 


BP 39 
BP 

Vb BP79 

GN Vcc 0o HSi 

“T 

Vcc 


Vcc, GND 5 
Vdp, Va, Vb 


30 


CLo 

SDo fa HSi 

4 t 

CLo 

SDo fa HSi 

4 

CH 

kc 

-^CS 1 — 

CH 

l lc 

^CS 


LH5035A 


LH5035A 



S o~- S 79 


_ 

So S 79 



-79- 


560- 


-639 


Dot matrix LCD 


-79- 


-560- 


-639 


CS- 


So~S79 

n 

LH5035A 

LC- 

1 CH 

HSi fa SDo 

1 CLo 


CPU 


n 


So~S79 

n 

LH5035A 

LC — 1 

CH 

HS, fa SDo 1 

CLo 
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LCD Dot Matrix Common Driver CMOS LSI 


LH5030 


LH5030 


LCD Dot Matrix Common Driver CMOS LSI 


■ Description 

The LH5030 is a common driver CMOS LSI for 
LCD dot matrix graphic display. A built-in CR 
oscillator generates synchronous signal and clocks 
necessary for display to send to a segment driver. 

■ Features 

1. Common outputs : 80 bits 

2. Built-in CR oscillator 

3. Selectable duty ratio 

1/32, 1/40, 1/64, 1/80 duty 
(2 pairs of common output, if 1 / 32 , 1 / 40 ) 

4. Power supply voltage : 5V (TYP.) 

5. Display voltage : 15V (MAX.) 

6. 96-pin quad-flat package 


■ Pin Connections 



■ Block Diagram 


Test 

Input 


Oscillator 


Output 

— A N Frame Sync. Clock 
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LCD Dot Matrix Common Driver CMOS LSI 


LH5030 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 


V CC 

— 0.3 — 1-7.0 

V 

1 

Pin voltage 

Vdp 

— 0.3 — b 16 

V 

1 

V T i 

-0.3~V cc +0.3 

V 

1,2 


v T2 

-0.3~V dp +0.3 

V 

1,3 

Operating temperature 

T 

- 1 opr 

— 5~ + 55 

°c 


Storage temperature 

Xstg 

— 55 — b 150 

°c 



Note 1: Referenced to GND 

Note 2: Applicable to pins HS„ 4 > 0 , RX, RY, DY 0 , DY X 
Note 3: Applicable to pins BP 0 ~ BP 79 , V A , V B , V M 


■ Recommended Operating Conditions 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

V CC 

4 


6 

V 

Display voltage 

Vdp 

6 


15 

V 


■ DC Characteristics (v C c=5v±iv, v DP =6~i5V,Ta=-5~+55°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input voltage 

V,H 


2.4 


V CC 

V 

4 

V, L 

- 

0 


0.8 

Output voltage 

VOH 

Ioh = 400 /iA 

2.4 



V 

5 

VoL 

I 0 L = l- 6 mA 



0.4 


Ia 

V DP -V A =1V, V dp = 6 V 

10 

30 


mA 

6,8 


Ib 

V b =1V,V dp =6V 

10 

30 


Output current 

IoH 

V DP — V OH — IV, V dp = 6 V 

1.5 

5 





IoM 

V m -V 0 m=1V, V dp = 6 V 

1.5 

5 


mA 

7 


IoL 

V ol =1V, V dp = 6 V 

1.5 

5 




Input leakage current 

1 Ili 1 

V IN =0V or V cc 


0.1 

1 

M 

4 

Output leakage current 

1 Ilo 1 

HSi, P 0 : V OU T=0V or V cc 

BPo BP 79 . V OU t = 0V or Vd P 


0.1 

1 

M 


Current consumption 

Icc 

V dp =15V, V C c= 6 V no load 


50 

150 

M 


Idp 

Durling no-load display (f^ = 8 kHz, 1/80 duty) 


2 

6 

M 

9 


Note 4: Applicable to pins DY 0 , DY^ V CC =5V ± 10% 

Note 5: Applicable to pins HSj, 0 : V C c = 5V + 10% 

Note 6: Applicable to pins V A , V B 
Note 7: Applicable to pins BP 0 ~BP 79 

V oh and V 0 l are the high and low voltage resulting when the scan signal is output to the common pin. When the voltage 
division resistance R for display equals r. (See System Configuration Example.) 

Note 8: This specification prescribes the internal transistor drive force of the LSI. The normal maximum effective current of I A , I B is 10 
mA. 

Note 9: When pins V A , V M and V B are open. 
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LCD Dot Matrix Common Driver CMOS LSI 


LH5030 


I AC Characteristics (v cc =5v±iv, v DP — 6~i5v,Ta— — 5~+55°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Sync, signal delay 

tD 

^ o, HSi pin load C L = 15 pF 

50 

100 


ns 


Display clock frequency ( $ 0 ) 

4 

Rf=R 0 + 2%, V CC =5V±10% 

fo-30% 

fo 

fo + 30% 


1,2 


Note 1: When U =l/t*c, R 0 =530kfi, f o =3.0kHz 

Note 2: When fo= 2.24kHz -■'-'8.0kHz (Combination range of R f resistance) 



■ Pin Description 


Pin name 

No. of pins 

I/O 

Functions 

Vcc, GND 

3 


Power supply for logic circuit 

V dp , V a , V m> V b 

4 


Power supply for liquid crystal drive 

DY 0 , DY X 

2 

I 

Duty select input 

T 

1 


Test input 

RX 

1 


Internal clock oscillation pin 

RY 

1 


Internal clock oscillation pin 

HSi 

1 

O 

Frame sync, signal 

K 

1 

Display clock 

BP 0 BP79 

80 


Liquid crystal common drive signal 
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LCD Dot Matrix Common Driver CMOS LSI 


LH5030 


■ System Configuration 
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LCD Dot Matrix Common Driver CMOS LSI LH5031 


LH5031 


LCD Dot Matrix Common Driver CMOS LSI 


■ Description 

The LH5031 is a common driver CMOS LSI for 
LCD dot matrix graphic display. A built-in CR 
oscillator generates synchronous signal and clocks 
necessary for display to send to a segment driver. 


■ Features 

1. Common output : 32 bits 

2. Built-in CR oscillator 

3. Duty ratio : 1/32 duty 

4. Power supply voltage : 5V (TYP.) 

5. Display voltage : 15V (MAX.) 

6. 44 -pin quad-flat package 


■ Pin Connections 



- u Q 

0<SCQ02r :>H ^ O CO 






|33| |32| |3!1 l30l |29l l28l (27l (26l IE1 (24l (23l 


BPsiOS 

' 

m B p o 

BPsoH 


|I)BPi 

BP 29 (36 


Ml bp 2 

BP 28 (37 


ID BP 3 

BP 27 ® 


ID bp 4 

BP 26 (39 


HI bp 5 

BP 25 EO 


0 bp 6 

BP 24 E 


IDbp? 

BP 23 SI 


0 BPs 

BP 22 E 


in BP 9 

BP 21 m 

O 

0 BP 10 


o cr> oo t- to q J2 h 2 h 

PQPQPQCQPQODQPQOQCQCQ 

Top View 


■ Block Diagram 
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Output 
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LH5031 


( 

LCD Dot Matrix Common Driver CMOS LSI 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 


Vcc 

-0.3-+7 

V 

1 

Pin voltage 

Vdp 

— 0.3 — f 16 

V 

1 

V T i 

-0.3~V cc +0.3 

V 

1,2 


v T2 

-0.3~V DP +0.3 

V 

1,3 

Operating temperature 

T„„ r 

-5~ + 55 

°c 


Storage temperature 

Zst£ 

— 55 — h 150 

°c 



Note 1 : Referenced to GND 

Note 2 : Applied to pins HS*, 5* 0 , RX, RY, DY 0 , DY X 
Note 3 : Applied to pins BP 0 ~BP 79 , V A , V B , V M 


■ Recommended Operating Conditions 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vcc 

4 


6 

V 

Display voltage 

Vdp 

L_i 


15 

V 


■ DC Characteristics (v cc =5v±iv, v DP =6~i5V,Ta=-5~+55t:) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Output voltage 

VoH 

Ioh — 400 

V cc -0.8 



V 

4 

VoL 

I 0L = 1.6mA 



0.8 


Ia ' 

Vdp-V a =1V 

10 

30 


mA 

5 


Ib 

V B =1V 

10 

30 


Output current 

Ioh 

V dp -Voh=1V 

1.5 

5 





IoM 

V m -Vom=1V 

1.5 

5 


mA 

6 


l0L 

V OL =lV 

1.5 

5 




Output leakage current 

Ilo 

HSj, $ o • V O ut = 0V or Vcc 

BP 0 BP 31 . Vqut = 0V or V DP 


0.1 

1 

/uA 


Current consumption 

Icc 

V dp =15V, V cc = 6V Durling 


25 

80 

M 


Idp 

no-load display (f^ = 3.2kHz) 


1 

3 



Note 4 : Applicated to pins HSi, 0 \ V CC =5V±10% 

Note 5 : Applied to pins V A , V B 
Note 6 : Applied to pins BP 0 , BP 31 

V oh and V 0 l are the high and low voltages resulting when the scan signal is output to the common pin. 
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LCD Dot Matrix Common Driver CMOS LSI 


LH5031 


■ AC Characteristics (Vcc=4~6v,Ta=-5~+55°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Sync, signal delay time 

tD 


50 



ns 


Display clock frequency ( 0 0 ) 

u 

R f =R 0 ±5% 

fo-30% 

fo 

fo + 30% 


1,2 


Note 1 :.When f ( =l/t RC , R 0 =850kfl, f„=2kHz 

Note 2 : When f 0 = 1.1 2kHz~ 3.2kHz (Combination range of R f resistance) 



■ Pin Description 


Pin name 

No. of pins 

I/O 

Functions 

Vcc, GND 

3 


Power supply for logic circuit 

V dp , Va, V m , V b 

4 

I 

Power supply for liquid crystal drive 

T 

1 

Test input 

RX 

1 


Internal clock oscillation pin 

RY 

1 


Internal clock oscillation pin 

HSi 

1 

0 

Frame sync, signal 


K 

1 

Display clock 

BPq~BP3i 

32 


Liquid crystal common drive signal 


■ System Configuration 
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LCD Character Display CMOS LSI 


LH5003/LH5004 


LH5003/LH5004 SS““ : “*» 


■ Description 

The LH5003/LH5004 are dot-matrix LCD con- 
troller driver capable of displaying 128 kinds of 
alphanumeric and symbolic characters. They are the 
most suitable LSIs for constructing small dot-ma- 
trix LCD systems under under the control of 4-bit 
or 8-bit microcomputer. 


■ Features 

1. CMOS process 

2. 5 X 7 dot-matrix LCD controller/driver 

3. Display data RAM 

240 bits (LH5003) 

320 bits (LH5004) 

4. Character Generator 128 patterns 

5. Driving method duty ••• 1/8 duty 

6. Character configuration is 5 X 7 dots plus 
cursor 

LH5003 (Master) 6 digits 
LH5004 (Slave) 8 digits 

7. LCD drive circuit 

LH5003 ; Common signal 8 bits 
Segment signal 40 bits 
LH5004 ; Segment signal 30 bits 

8. Single power supply : — 5V (TYP.) 

9. 60-pin quad-flat package 


■ Pin Connections 
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LCD Character Display CMOS LSI 


LH5Q03/LH5004 
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LCD Character Display CMOS LSI 


LH5003/LH5004 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Pin voltage 

Vdd 

-0.3-+8.0 

V 

V,N 

— 0.3~V dd + 0.3 

V 

Operating temperature 

T„ or 

-10- + 60 

°c 

Storage temperature 

Xsis 

— 55 — h 150 

°c 


■ Recommended Operating Conditions 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage 

V DD 

4.2~6.3 

V 

Oscillator frequency 

fcLK 

32-320 

kHz 


■ Electrical Characteristics 


(V dd = 5V, GND=0V, Ta=-10~ + 60°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input voltage 

V,L 




1 

V 

1 

Vih 


4 



Vm 



2.5 


2 

V a 


3.5 

4 

5 

3 

V b 


0 

1 

1.5 

4 

Input current 

IlL 

V IN =0V 



1 

M 

1 

IlH 

V, n =5V 



1 

Output voltage 

V 0 L1 

No-load condition 


V B 

V b + D.2 


5 

VoHl 

< 

> 

1 

p 

LO 

V a 


VoLl 

I I OL | =50 M 



0.8 

V 

6 

V OH1 

Ioh = 50 fiA 

4.2 



VoL3 

No-load condition 


0 

0.2 

7 

Vom 

Vm-0.2 

V M 

Vm + 0.2 

VoH3 

4.8 

5 



Idi 

fcLK == 3 2 kHz 


28 

50 



Current consumption 

Id2 

f C LK=64kHz 


60 

100 

M 

8 


Id3 

fcLK= 320kHz 


220 

400 




Note 1 
Note 2 
Note 3 
Note 4 
Note 5 
Note 6 
Note 7 
Note 8 


Applied to pins 

I 0 ~I 7 , VFL, CLK, RST, CE, DISP, DIN 

Applied to pin 

V M 

Applied to pin 

v A 

Applied to pin 

V B 

Applied to pins 

On~0 85 

Applied to pin 

CS 

Applied to pins 

Hi~H 8 

Output pin is opened and input pin set to GND level. 
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LCD Character Display CMOS LSI 


LH5003/LH5004 


■ Functions 


Pin description 


Pin name 

No. of pins 

I/O 

Connect to 

Functions 

V DD , GND 

3 

I 

Power supply 

Power supply for logic circuit 

V A , V b , V m 

3 

Power supply V M =V DD /2 

for liquid V A = V M + AV 

crystal drive V B =V M - AV (AV=1.0~V M ) 

Io Iv 

8 

MPU 

Character code input (I 0 ~ I B ) from MPU 

Cursor display data input (I 7 ) 

DIN 

1 

High: character data read 

one character shift in display memory 

DSP 

1 

“High” : Display mode 
“Low” : Blank mode 

(reset of cascade control data 
transfer control circuit) 

CLK 

1 

Clock pulse input 

RST 

1 

“High” : Operation start signal 
(reset of cascade controller, cascade control 
data transfer control circuit, ring counter, etc.) 

CE 

1 

Power 

supply (CS)* 

Chip enable pin 

CS 

1 

0 

j 

CE 

Chip select pin 

VFL 

1 

MPU 

LCD frame frequency swithcing signal 
“High : 1/1024 of clock frequency 
“Low” : 1/512 of clock frequency 

Hi H 2 

8(0)* 

Liquid crystal 

LCD common signal drive signal 

0ll~0i5 

30(40)* 

LCD segment signal drive signal 


* Applied to LH5004 


• CLK signal The clock signal is a clock pulse 
used to operate LH5003 and LH5004 and is con- 
tinually applied while the power is on. For the CLK 
signal, apply the clock pulse made in the micro- 
computer system or a pulse made by dividing this 
clock pulse and in sync with the microcomputer 
system. 

• DIN signal The DIN signal is used to set the 
data in the display memories of LH5003 and 
LH5004. Each time the DIN signal rises, it reads 
display data corresponding to the character code 
applied to pins Io through I 7 into the display mem- 
ory and shifts the existing contents of the display 
memory one character. Set the pulse width of the 
DIN signal to at least two cycles of the clock pulse 
(a pulse width of 2T CK or greater when the clock 
pulse period is T C k-) 

• DSP signal The DSP signal determines the 
display condition. When it is high, the display 
mode is set and when it is low, the blank mode is 
set and the cascade controller and data transfer 
control circuit are reset. Normally, the DSP signal 
is made high after setting the data in the display 
memories of the LH5003 and LH5004. 


• RST signal The RST signal is used to in- 
itialize the internal control circuits of the LH5003 
and LH5004 by applying the pulse of the RST sig- 
nal to this pin immediately after the power is 
turned on. Synchronize the fall of the RST pulse 
with the rise of the clock pulse, and set the pulse 
width of the RST pulse to at least four times that of 
the normal clock pulse width (4T CK .) 

• l(H7 signal The Io-L signal is an 8-bit par- 
allel signal that determines the characters and sym- 
bols to be displayed. Select the desired characters 
using the data of pins Iq-I 6 ( see the table relating 
input codes with displayed characters and sym- 
bols). When the l 7 signal is high, the cursor is dis- 
played, and when it is low, the cursor is displayed, 
and when it is low, the cursor is blanked out. 
LH5003 and LH5004 are controlled from the mi- 
crocomputer system by the following procedure. 

(1) The clock pulse is applied continually to the 
CLK pin during the period from immediately 
after the power is turned on until it is turned 
off. 

(2) Immediately after the power is turned on, the 
RST pulse is applied to the RST pin. 


902 


•SHARP 







13 











9i 






VFD Grid Driver PMOS LSI 


LH1001 


LH1001 


VFD Grid Driver PMOS LSI 


■ Description 

The LH1001 is a VFD (Vacuum Fluorescent Dis- 
play) grid driver with an internal 20 -bit serial 
shift register. Can be easily cascaded to extend 
the display. 


■ Features 

1. Included 20-bit shift registers in a serial input 

2. Data controlled by shift clock and chip select 

3. Blanking input controlled by duty cycle 

4. High output voltage : — 50V (MAX.) 

5. High output current : 20mA (MAX.) 

6. Built-in output load resistor 

7. 36-pin quad-flat package 


Pin Connections 


oooo £ o o o o 

QQQQ>QQQQ 

[27l[26ll25ll24|f2lf22li2ll(20HT9| 


NClD 


Snc 

ncM 


17 ) DG15 

DGe H 


n DGie 

DGs M 


UDG17 

DG 4 H 


IJDGu 

DGsP 


HDG19 

DG2IS 


HDG20 

DGi M 


EQVn 

ncIM 

0 

Snc 


[Ul2j[3j[4jl5]l6]l7|[8J[9j 


ICO W « Q 
lo WOZ 
O 


> o O CO CO 
CO CO 


Top View 


■ Block Diagram 


Serial Data Output 
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VFD Grid Driver PMOS LSI 


LH1001 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Pin voltage* 

Vdd 

— 20 — H0.3 

V 

V n 

— 55 — b0.3 

V,N 

— 55 — H0.3 

•V ss allowable current 

Iss 

70 

mA 

Operating temperature 

T 

A opr 

— 5 — b55 

°C 

Storage temperature 

Xstg 

— 55 — b 150 

°C 


* Referenced to GND. 


■ Recommended Operating Conditions 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vdd 

-9.9 


-8.1 

V 

Display voltage 

V N ' 


-40 


V 


■ DC Characteruistics (v DD -- 9 V,Ta- 25 t:) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input voltage 

V,H 


-1.1 



V 


V, L 




-4.2 


Output voltage 

VoH 

Iqh = 20mA 

-1 



V 

1 

VoL 

V N = — 50V 



-48 

Output current 

IoH 

V OH =-l.lV 

50 



fi A 

2 

IoL 

V OL =-4.2V 

3 



Current consumption 

Idd 

V D d=-9V 


1.5 

.3 

mA 


In 

V N = — 50V 


4.0 

8 



Note 1: Applied to pins DG 1 ~DG 2 o 
Note 2: Applied to pins SOi 0 , SO 20 


■ AC Characteruistics (V DD --9V, Ta-25°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

CK frequency 

ten 




40 

kHz 

CK cycle time 

Iksy 


25 



^s 

CK high-level width 

1-KH 


12 



//s 

CK low-level width 

tKL 


12 




SI setup time 

tsis 


6 



MS 

SI hold time 

tsiH 


6 



MS 

CK high active time 

tcSBKL 


0 



MS 

CK low active time 

tcSBKH 


' 6 



MS 

CK i -► SO delay time 

Ikso 

C L = lOpF 



20 

/IS 

Output delay time 

tu 

V N = — 5QV, C L =100pF 

\ 


3 

5 

MS 

tD 


15 

20 
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VFD Grid Driver PMOS LSI 


LH1001 


■ AC Timing Diagram 



■ Pin Description 


Pin name 

No. of pins 

I/O 

Functions 

V DD , GND 

3 


Power supply for logic circuit 

V N 

1 


Power supply for display 

CS - 

1 


Chip select ... select condition when CS = “Low” 

BK 

1 

I 

Blanking blanking when BK = “High” 

CK 

1 


Serial clock 

SIi, SI 2 

2 


Serial data input 

SOio, SO 20 

2 

0 

Serial data output 

DGj DG 20 

20 

Digit output for fluorescent display tube 


l = “High” level, 0 = “Low” level 


■ System Configuration 



Input 
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CMOS Driver 


LH501 0/LH501 1 


LH5010/LH5011 CMOS Driver 

■ Description ■ Pin Connections 

The LH5010/LH5011 are 6-circuit CMOSdriv- 
ers with 2-common INHIBIT inputs (A IN , B IN ). 

The LH5010 is a non-inverting type and the 
LH5011 is an inverting type. 

The outputs have an open drain construction 
fabricated using a P-channel MOS FET. 

They are used as drivers for VFD and interfaces 
between CMOS LSI and high-voltage MOS LSI. 


■ Features 

1. CMOS process 

2. 6 independent driver circuits 

3. INHIBIT input port 

4. Non-inverting type LH5010 

Inverting type LH5011 

5. 16-pin dual-in-line package 





Ain[T 

0 

If] V dd 

IN ’U 

m OUTi(OUTi) 

IN2U 


in OUT 2 (OUT 2 ) 

in 3 (T 


1 OUT 3 (OUT 3 ) 

IN 4 [5 


H OUT 4 (OUT 4 ) 

in 5 [T 


HjOUTsCOUTs) 

IN 6 |T 


1 OUTetOUTs) 

VssE 


3 Bin 


' 



)= for LH5011 



Top View 


■ Block Diagram 
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CMOS Driver 


LH5010/LH501 1 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 


Supply voltage 

Vdd 

V ss -0.5~V ss +20 

V 

Input voltage 

v IN 

V ss -0.5~V DD +0.5 

V 

Output voltage 

V OUT 

V dd — 50~V dd +0.5 

V 

Operating temperature 

T„or 

— 40 — h 8 5 

°C 

Storage temperature 

Tstg 

— 55 — h 125 

°C 

■ Operating Conditions 

Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vdd 

3 


18 

V 

Input voltage 

v IN 

0 


Vdd 

V 


■ Electrical Characteristics 


Parameter 

Symbol 

Conditions 

Vdd 

j — 40°C 

| 25°C 

| 80°C 

Unit 

Note 

(V) 

MIN. 

MAX. 

MIN. 

TYP. 

MAX. 

MIN. 

MAX. 



I IoUT 1 ^ 1 

Vin=Vss or Vdd 

5 

4.95 


4.95 

5.00 


4.95 




Output high voltage 

< 

o 

X 

10 

9.95 


9.95 

10.00 


9.95 


V 

1 



15 

14.95 


14.95 

15.00 


14.95 






V 0 h=3V(V dd -2V) 

5 

-6 


-5 

-9 


-4 




Output high current 

IoH 

V 0 „=2V(V dd -3V) 

5 

-9 


-8 

-11 


-6 


mA 

1 

V 0 h=7V(V dd -3V) 

10 

-12 


-10 

-28 


-8 




V 0H =12V(V dd -3V) 

15 

-17 


-15 

-39 


-12 






V OU t=0.5V, 4.5V 

5 

3.5 


3.5 

2.75 


3.5 





v IH 

V O ut=1.0V, 9.0V 

10 

7.0 


7.0 

5.5 


7.0 


V 

2 

Input voltage 


V OU t=1.5V, 13.5V 

15 

11.0 


11.0 

8.25 


11.5 





V OU t=0.5V, 4.5V 

5 


1.5 


2.25 

1.5 


1.5 




V, L 

V OU T=1.0V, 9.0V 

10 


3.0 


4.5 

3.0 


3.0 

V 

2 



V OU t=1.5V, 13.5 V 

15 


4.0 


6.75 

4.0 


4.0 



Input current 

IlH 

V m =18V 

18 


0.3 


10~ 5 

0.3 


1.0 

M 

3 

IlL 

v IL =ov 

18 


— 0.3 


-1(T 5 

-0.3 


-1.0 

Output leak-off 

loFF 

Vout = 0V 

15 


3 



3 


10 

M 

1 

current 

Vout = Vdd — 45V 

15 


10 



10 


20 

Static current 
consumption 


V in = V D d» V S s 
output open 

5 


4.0 



4.0 


30 



Idd 

10 


8.0 



8.0 


60 

M 

4 


15 


16.0 



16.0 


120 




Note 1: Applicable pins OUTi—OUTe 

Note 2: R L = 20kf), Applicable pins IN T ~IN fi . AIN B m 
Note 3: Applicable pins IN^INe A IN , Bin 
N ote 4: No load condition 
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CMOS Driver 


LH501 0D/LH501 1 D 


LH5010D/LH5011D CMOS Driver 


■ Description 

The LH5010D/LH501 ID are 7-circuit CMOS 
drivers with 2 common INHIBIT inputs (A IN , B IN ). 
The LH5010D is a non-inverting type and the 
LH5011D is an inverting type. 

The outputs have an open drain construction 
fabricated using a P-channel MOS FET. 

They are used as drivers for VFD and interfaces 
between CMOS LSI and high-voltage MOS LSI. 


■ Features 

1. CMOS process 

2. 7-independent driver circuits 

3. INHIBIT input port 

4. Non-inverting type LH5010D 

Inverting type LH5011D 

5. 18 -pin dual -in -line package 


■ Pin Connections 



r \ 


Ain [T 

O 

H]Vdd 

IN, [2 


HIOUTi(OUTi) 

IN 2 [3 


moUT 2 (OUT2) 

IN 3 (T 


m0UT 3 (0UT 3 ) 

IN 4 |T 


I3out4(out4) 

INs|T 


Hout e (out 5 ) 

INe[T 


lOUTefOUTe) 

IN: Q[ 


m0UT 7 (0UT 7 ) 

Vss(JL 




v J 



( 

)= for LH5011D 



Top View 


■ Block Diagram 
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CMOS Driver 


LH501 0D/LH501 1 D 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 


Supply voltage 

Vdd 

V ss -0.5~Vss+20 

V 

Input voltage 

Vin 

V ss -0.5~V dd +0.5 

V 

Output voltage 

v 0UT 

V dd -50~V dd +0.5 

V, 

Operating temperature 

T„ Dr 

— 40 — 1-85 

°c 

Storage temperature 

Xstg 

-55- + 125 

°c 

■ Operating Conditions 

Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vdd 

3 


18 

V 

Input voltage 

v TN 

0 


Vdd 

V 


■ Electrical Characteristics 


Parameter 

Symbol 

Conditions 

off 

-40°c 

25°C | 

sot: 

Unit 

Note 

MIN. 

MAX. 

MIN. 

TYP. 

MAX. 

MIN. 

MAX. 

Output high 
voltage 

V OH 

1 Iout 1 A*A 

5 

4.95 


4.95 

5.00 


4.95 


V 

1 

10 

9.95 


9.95 

10.00 


9.95 


15 

14.95 


14.95 

15.00 


14.95 


Output high 

current 

IoH 

V oh =3V(V dd -2V) 

5 

-6 


-5 

-9 


-4 


mA 

1 

V oh =2V(V dd -3V) 

5 

-9 


-8 

-11 


-6 


V oh =7V(V dd -3V) 

10 

-12 


-10 

-28 


-8 


V oh =12V(V dd -3V) 

15 

-17 


-15 

-39 


-12 


Input voltage 

V IN 

V O ut=0.5V, 4.5V 

5 

3.5 


3.5 

2.75 


3.5 


V 

2 

V O ut=1.0V, 9.0V 

10 

7.0 


7.0 

5.5 


7.0 


Vout=1.5V, 13.5 V 

15 

11.0 


11.0 

8.25 


11.5 


V, L 

V O ut = 0.5V, 4.5V 

5 


1.5 


2.25 

1.5 


1.5 

V 

2 

V OU T=1.0V, 9.0V 

10 


3.0 


4.5 

3.0 


3.0 

Vout=1.5V, 13.5 V 

15 


4.0 


6.75 

4.0 


4.0 

Input current 

IlH 

V ih =18V 

18 


0.3 


icr 5 

0.3 


1.0 

M 

3 

IlL 

> 

o 

II 

> 

18 


-0.3 


-10 -5 

-0.3 


-1.0 

Output leak-off 

current 

Wf 

Vqut^OV 

15 


3 



3 


10 

M 

1 

Vout=V dd -45V 

15 


10 



10 


20 

Static current 
consumption 

Idd 

V in = V D d» Vss 
output open 

5 


4.0 



4.0 


30 

M 

4 

10 


8.0 



8.0 


60 

15 


16.0 



16.0 


120 


Note 1: Applicable pins OUTi~OUT7, Vin=Vss or Vdd 
Note 2: RL=20kO, Applicable pins INi~IN7, Ain, Bin 
Note 3: Applicable pins INi-IN?, Ain, Bin 
Note 4: No load condition 
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CMOS Driver 


LH501 0D/LH501 1 D 


■ Truth Table 


Input 

Output 

Ain 

Bin 

IN 

LH5010D 

LH5011D 

L 

H 

L 

HZ 

High 

L 

H 

H 

High 

HZ 

* 

L 

* 

HZ 

HZ 

H 

* 

* 

HZ 

HZ 


HZ : High impedance 
* : Don’t care 


■ Logic Diagram 

• LH5010D 



• LH5011D 
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CMOS Driver 


LH5012/LH5013 


LH5012/LH5013 CMOS Driver 


■ Description 

The LH5012/LH5013 are 7-circuit CMOS 
drivers. The LH5012 is a non-inverting type and 
the LH5013 is an inverting type. 

The outputs have an open drain construction 
fabricated using a P-channel MOS FET. 

They are used as drivers for VFD and interfaces 
between CMOS LSI and high-voltage MOS LSI. 


■ Features 

1. CMOS process 

2. 7 independent driver circuits 

3. Non-inverting type LH5012 

Inverting type LH5013 

4. 16-pin dual-in-line package 


■ Pin Connections 



r t 

INi [T 

o 

Te\ V dd 

IN 2 [J 

jU OUT i ( OUT i ) 

INsE 


H]OUT 2 (OUT2) 

IN 4 (T 


IUOUTsCOUTj) 

INsQT 


T|OUT4(OUT4) 

INeQE 


njOUTsfOUTs) 

IN 7 [T 


10UT 6 (0UT 6 ) 

VssE 


UOUT 7 (OUT 7 ) 


l J 



( 

)= for LH5013 



Top View 



■ Block Diagram 
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CMOS Driver 


LH5012/LH5013 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 


Supply voltage 

Vdd 

V ss -0.5~V ss +20 

V 

Input voltage 

v IN 

V ss -0.5~V DD +0.5 

V 

Output voltage 

VquT 

V dd — 50~V dd +0.5 

V 

Operating temperature 

T„ or 

— 40 — H85 

°c 

Storage temperature 

Xstg 

— 55 — P125 

°c 

■ Operating Conditions 

Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vdd 

3 


18 

V 

Input voltage 

Vin 

0 


Vdd 

V 


Electrical Characteristics 


Parameter 

Symbol 

Conditions 

Vdd 

(V) 

! — 4on 

i 25°C 

| 80°C 

Unit 

Note 

MIN. 

MAX. 

MIN. 

TYP. 

MAX. 

MIN. 

MAX. 

Output high 
voltage 

Vqh 

loUT— 1 

5 

4.95 


4.95 

5.00 


4.95 


V 

1 

10 

9.95 


9.95 

10.00 


9.95 


15 

14.95 


14.95 

15.00 


14.95 


Output high 
current 

IoH 

Voh=3V(V dd -2V) 

5 

-6 


-5 

-9 


-4 


mA 

1 

V oh =2V(V dd -3V) 

5 

-9 


-8 

-11 


-6 


V oh = 7V(V dd -3V) 

10 

-12 


-10 

-28 


-8 


V oh = 12V(V dd -3V) 

15 

-17 


-15 

-39 


-12 


Input voltage 
(LH5012) 

v IH 

V OU t=4.5V 

5 

3.0 


3.0 



3.0 


V 

2 

V OU t=9.0V 

10 

8.0 


8.0 



8.0 


V OU T= 13.5V 

15 

12.5 


12.5 



12.5 


V,L 

V OU t=0.5V 

5 


1.0 



1.0 



V 

2 

V OUT =1.0V 

10 


2.0 



2.0 



V out =1.5V 

15 


2.5 



2.5 



Input voltage 
(LH5013) 

V IH 

V OU t=0.5V 

5 

3.5 


3.5 

2.75 


3.5 


V 

2 

V OUT =1.0V 

10 

7.0 


7.0 

5.5 


7.0 


V out =1.5V 

15 

11.0 


11.0 

8.25 


11.0 


V IL 

V 0 ut — 4.5V 

5 


1.5 


2.25 

1.5 


1.5 

V 

2 

V OU t = 9.0V 

10 


3.0 


4.5 

3.0 


3.0 

V 0 ut= 13.5V 

15 


4.0. 


6.75 

4.0 


4.0 

Input current 

IlH 

V ih =18V 

18 


0.3 


1(T 5 

0.3 


1.0 

M 

3 

IlL 

> 

o 

II 

> 

18 


-0.3 


-10 -5 

-0.3 


-1.0 

Output leak-off 

current 

loFF 

Vout - OV 

15 


3 



3 


10 

M 

1 

V O ut = V dd -30V 

15 


10 



10 


20 

Static current 
consumption 

Idd 

Vin— V D d» V S s 
output open 

5 


4.0 



4.0 


30 

M 

4 

10 


8.0 



8.0 


60 

15 


16.0 



16.0 


120 


10 


Note 1 
Note 2 
Note 3 
Note 4 


Applicable pins OUTi~OUT7, Vin=Vss or Vdd 
RL = 20kO, Iout^I pA, Applicable pins INi~IN 7 
Applicable pins INi~IN 7 
No load condition 
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CMOS Driver 


LH5012/LH5013 




CMOS Driver 


LH501 2D/LH501 3D 


LH5012D/LH5013D CMOS Driver 


■ Description 

The LH5012D/LH5013D are 8-circuit CMOS 
drivers. The LH5012D is a non-inverting type 
and the LH5013D is an inverting type. 

The outputs have an open drain construction 
fabricated using a P-channel MOS FET. 

They are used as drivers for VFD and interfaces 
between CMOS LSI and high-voltage MOS LSI. 


■ Features 

1. CMOS process 

2. 8 independent driver circuits 

3. Non -inverting type LH5012D 

Inverting type LH5013D 

4. 18 -pin dual-in-line package 


■ Pin Connections 



/■ "\ 


in, d 


H]Vdd 

IN* E 


13 OUT, (OUT,) 

in 3 GE 


IHOUTzIOUT?) 

ini it 


T10UT3(0UT3) 

in 5 G[ 


T4]OUT 4 (OUT4) 

IN« Q[ 


HOUTsfOUTs) 

in? E 


l|]OUT6(OUT 6 ) 

IN S [T 


uJOUTyCOUTr) 

VssU 


ToJOUTetOUTa) 


L v 



( 

)= for LH5013D 



Top View 


■ Block Diagram 
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CMOS Driver 


LH501 2D/LH501 3D 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 


Supply voltage 

Vdd 

V ss -0.5~Vss+20 

V 

Input voltage 

v IN 

V ss -0.5~V DD +0.5 

V 

Output voltage 

VoUT 

V dd — 50~V dd +0.5 

V 

Operating temperature 

T oor 

— 40 — H85 

°c 

Storage temperature 

T stg 

-55- + 125 

°c 

■ Operating Conditions 

Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vdd 

3 


18 

V 

Input voltage 

Vin 

0 


Vdd 

V 


Electrical Characteristics 


Parameter 

Symbol 

Conditions 

cPP 

| — 40°C 

25°C ! 

| 80t: 

Unit 

Note 

MIN. 

MAX. 

MIN. 

TYP. 

MAX. 

MIN. 

MAX. 

Output high voltage 

VOH 

1 IoUT 1 ^ 1 

5 

4.95 


4.95 

5.00 


4.95 


V 

1 

10 

9.95 


9.95 

10.00 


9.95 


15 

14.95 


14.95 

15.00 


14.95 


Output low 
current 

IoH 

Voh = 3V(V dd -2V) 

5 

-6 


-5 

-9 


-4 


mA 

1 

Voh = 2V(V dd -3V) 

5 

-9 


-8 

-11 


-6 


V oh = 7V(V dd -3V) 

10 

-12 


-10 

-28 


-8 


V 0 „=12V(V dd -3V) 

15 

-17 


-15 

-39 


“12 


Input voltage 
(LH5012D) 

V, H 

V OU t=4.5V 

5 

3.0 


3.0 



3.0 


V 

2 

V OU t=9.0V 

10 

8.0 


8.0 I 



8.0 


V OU T= 13.5 V 

15 

12.5 


12.5 



12.5 


V, L 

Vout=0.5V 

5 


1.0 

i 


1.0 



V 

2 

V OU t=1.0V 

10 


2.0 



2.0 



V out == 1.5V 

15 


2.5 



2.5 



Input voltage 
(LH5013D) 

V,H 

V m =0.5V 

5 

3.5 


3.5 

2.75 


3.5 


V 

2 

Vout=1.0V 

10 

7.0 


7.0 

5.5 


7.0 


V IL = 1.5V 

15 

11.0 


11.0 

8.25 


11.0 


V IL 

Vout=4.5V 

5 


1.5 


2.25 

1.5 


1.5 

V 

2 

Vout=9.0V 

10 


3.0 


4.5 

3.0 


3.0 

V OU t= 13.5 V 

15 


4.0 


6.75 

4.0 


4.0 

Input current 

IlH 

V ih =18V 

18 


0.3 


1CP 6 

0.3 


1.0 

M 

3 

IlL 

> 

o 

II 

> 

18 


-0.3 


-10 -5 

-0.3 


-1.0 

Output leak-off 
current 

foFF 

V O ut=0V 

15 


3 



3 


10 

M 

1 

V out = Vdd - 30 V 

15 


10 



10 


20 

Static current 
consumption 

Idd 

V in = Vdd» V S s 
output open 

5 


4.0 



4.0 


30 

M 

4 

10 


8.0 



8.0 


60 

15 


16.0 



16.0 


120 


Note 1 
Note 2 
Note 3 
Note 4 


Applicable pins OUTi — OUTs, Vin=Vss or Vdd 
RL=20kf2, Iout^I/^A, Applicable pins INi—INs 
Applicable pins INi—INs 
No load condition 
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Analog Clock CMOS 1C 


LR3428 


LR3428 


Analog Clock CMOS IC 


■ Description 

The LR3428 is a CMOS IC for electronic clocks 
using a 4.19MHz crystal, 23-stage frequency di- 
vider, motor drive circuit and alarm output buffer. 


■ Features 

1. Low power consumption 

2. Low impedance output buffer 

3. Modulated alarm output 

4. Single power supply : + 1.5V 

5. 1Hz stepper motor drive 

6. 4.194304MHz crystal oscillator 

7. 8-pin dual-in-line package 


■ Pin Connections 


VppfT 

r \ 

o 

DosCis 

VssOE 

T1 OSCout 

OUT,[T 


jf| A Lout 

RESET (T 


I]out 2 


V J 


Top View 


■ Block Diagram 



Vss(OV) Vdd(1-5V) Reset Input 


920 


SHARP 





Analog Clock CMOS 1C 


LR3428 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

C G =C D =15pF, C! = 40n, Ta = 25”C) 

Pin voltage* 

Vdd 

— 0.3 — (-2.5 

V 

v IN 

— 0.3~V dd +0.3 

V 

VoUT 

-0.3~V dd +0.3 

V 

Operating temperature 

Toor 

-10-+60 

°c 

Storage temperature 

Istg 

— 55 — H 150 

1C 

* Referenced to Vss 

■ Operating Conditions (Ta=25 , ’C) 

Parameter 

Symbol 

Ratings 

Unit 

Supply voltage 

Vdd 

+ 1.15 — b 1.80 

V 

Oscillator frequency 

^osc 

4.194304 (TYP.) 

MHz 

Oscillation start voltage 

v 

v osc 

1.15 

V 

■ Electrical Characteristics (f osc =4.i94MHz, 

Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Current consumption 

Idd 

> 

LO 

y—i 

II 

Q 

Q 

> 

_ 


25 

50 

M 

Oscillation stability 

Af/f 

Vdd= + 1.2~ + 1.7V 



1 

ppm 

Output on resistance 

^satl 

(P + N) 

V DD = 1.2V, R L =180n 


50 

100 

O 

Alarm output on resistance 

^sat2 

(P or N) 

V DD = 1 . 2 V, R L = 900n 


150 

300 

n 

RESET pin pull up resistance 

Rr 

V dd =1.5V, V in =0V 


10 


kO 
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Analog Clock CMOS 1C 


LR3428 


■ Output Waveform 

(1) OUTi, OUT 2 


OUT: 


n 

-■*-3 1.25ms 

n 

out 2 

- 6^-1 SH*- 

5s H | 

n 

n ! 



1 r- 

i i^l sH 

1 1 

1 1 

1 


RESET 


lJ 



(2) Alarm output 


ALout 

-|<-6.25ms — > 

Niiinii 

-j<s-125ms 

Ollllllllll i 

2.048kHz 

lilmiii inn . 


500ms 500ms 


i. ,_J 


1 ^ IS “ 

1 

! 

RESET 



■ System Configuration 



4.194MHz c 
Crystal ■ ■ 

_L lr~ 

II— 1 

Cd 

>• Alarm Output 


® — 

Stepper Motor 
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Analog Clock CMOS 1C 


LR3429 


LR3429 


Analog Clock CMOS IC 


■ Description 

The LR3429 is a CMOS IC for electronic clocks 
using a 4.19MHz crystal, 23-stage frequency di- 
vider, motor drive circuit and alarm output buffer. 


■ Features 

1. Low power consumption 

2. Low impedance output buffer 

3. Modulated alarm output 

4. Single power supply : + 1.5V 

5. 1Hz stepper motor drive 

6. 4.194304MHz crystal oscillator 

7. 8-pin dual-in-line package 


Pin Connections 


T i |T 

O 

]0 Vdd 

A Lout E 

3 Vss 

OUTiGE 


~6~1 OSCout 

OUT 2 E 


~5~1 OSCin 


Top View 


Block Diagram 



Motor Drive 
Output 


H>KD Alarm Output 


-SHARP 
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Analog Clock CMOS 1C 


LR3429 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

C G =C D =15pF, C 1 = 40fl, Ta=25°C) 

Pin voltage* 

Vdd 

-0.3- + 2.5 

' V 

V, N 

-0.3~V DD +0.3 

V 

VoUT -j 

-0.3~V dd + 0.3 

V 

Operating temperature 

T„„ r 

— 10 — b60 

°c 

Storage temperature 

T stg 

— 55 — b 150 

°c 

* Referenced to Vss 

■ Operating Conditions (Ta=25°C) 

Parameter 

Symbol 

Ratings 

Unit 

Supply voltage 

, -Vdd 

+ 1.15 — hi. 80 

V 

Oscillator frequency 

^osc 

4.194304 (TYP.) 

MHz 

Oscillation start voltage 

v 

v osc 

1.15 

V 

■ Electrical Characteristics (f osc =4.i94MHz, 

Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Current consumption 

Idd 

V dd =1.5V 


25 

50 

M 

Oscillation stability 

Af/f 

V DD = + 1.2- + 1.7V 



1 

ppm 

Output on resistance 

^satl 

(P+N) 

V DD = 1.2V, R l = 1800 


50 

100 

n 

Alarm output on resistance 

^sat2 

(P or N) 

V dd =1.2V, R L = 900n 


150 

300 

n 

Ti pin pull up resistance 

R t 

V dd =1.5V, V in = 0V 


10 


kll 


924 
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Analog Clock CMOS 1C 


LR3429 


■ Output Waveform 


(1 ) OUT,, OUT- 


OUT, 



out 2 



(2) Alarm output (Ti pin connected to Vss) 



When Ti pin is connected to Vdd ( + ) or open, 
the alarm output is at Vdd ( + ) 


System Configuration 


Alarm 

Output 


Stepper 

Motor 




o 


CT> 

CM 

co 

DC 


T 


Cd 

HI- 


4.194MHz 

Crystal 
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Analog Clock CMOS 1C 


LR3464 


LR3464 


Analog Clock CMOS IC 


■ Description 

The LR3464 is a CMOS IC for electronic clocks 
using a 32.768kHz crystal, 16-stage frequency di- 
vider, motor drive circuit and alarm output buffer. 


■ Features 

1. Low power consumption 

2. Low impedance output buffer 

3. Modulated alarm output 

4. Single power supply : + 1.5V 

5. 1Hz stepper motor drive 

6. Included oscillator output capacitor C D 

7. 32.768kHz crystal oscillator 

8. 8-pin dual-in-line package 


Pin Connections 


ALin jT 

1 

O 

~B~1 Vdd 

ALout G[ 

3 Vss 

OUTiU 


jD 0 SCoUT 

OUT 2 [I 

V J 

H osCi N 

Top View 


Block Diagram 
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Analog Clock CMOS 1C 


LR3464 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 


Vdd 

— 0.3 — 1-3.0 

V 

Pin voltage* 

V IN 

— 0.3~V dd + 0.3 

V 


VoUT 

-0.3~V dd +0.3 

V 

Operating temperature 

T ODr 

1 

0 

1 

+ 

o 

°c 

Storage temperature 

Istg 

-55- + 150 

°c 

* Referenced to Vdd 


■ Operating Conditions 

(Ta- 

= 25°C) 

Parameter 

Symbol 

Ratings 

Unit 

Supply voltage 

Vdd 

+ 1.10 — b 1.80 

V 

Oscillator frequency 

^osc 

32.768 (TYP.) 

kHz 

Oscillation start voltage 

v 

v osc 

1.2 

V 


■ Electrical Characteristics (f osc =32.768kHz,c G =22pF, c 1 =20kn,Ta=25 < C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Current consumption 

Idd 

V dd =1.5V 


1 

3 

M 

Oscillation stability 

Af/f 

V DD = + 1.2 — b 1.7V 



6 

ppm 

Output on resistance 

Rsatl 

(P + N) 

V dd =1.2V, R L = 300n 


50 

100 

a 

Alarm output on resistance 

Rsat2 

(P or N) 

V dd =1.2V, R L = 900n 


150 

300 

a 

AL in pin pull up resistance 

Ral 

Vdd=1.5V, Vin = 0V 


10 


kn 

Oscillation start time 

T„sc 

V dd =1.2V 



10 

S 

Oscillation circuit built-in 
capacitance 

C D 



25 


pF 

AL in input voltage 

V IH 

V DD = 1.5V 

1.35 


1.5 

V 

V„. 

V DD = 1.5 V 

0 


0.15 

V 
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Analog Clock CMOS 1C 


LR3464 


Output Waveform 


(1) OUTi, OUT* 



(2) Alarm output (ALin connected to Vss) 



When the AL in input is connected toVDD or open, the alarm output is at Vss. 

When the AL in input is set at approx. 1/2 Vdd, a continuous output of 2,048Hz appears at the alarm output. 


System Configuration 


Stepper 
Motor Vli 



32.768kHz 

Crystal 


-SHARP 









Analog Clock CMOS 1C 


LR3468 


LR3468 


Analog Clock CMOS IC 


■ Description ■ Pin Connections 

The LR3468 is a CMOS IC for electronic docks 
using a 32.768kHz crystal, 16-stage frequency di- 
vider, motor drive circuit and alarm output buffer. 


■ Features 

1. Low power consumption 

2. Low impedance output buffer 

3. Modulated alarm output 

4. Single power supply : + 1.5V 

5. 1Hz stepper motor drive 

6. Included oscillator output capacitor C D 

7. 32.768kHz crystal oscillator 

8. 8 -pin dual -in -line package 


r 


Vdd 

Vss 

OUTi 

AC 


[I 

d 

[I 

E 


T| OSCin 
~7~1 OSCout 
~6~| ALout 
T] OUT 2 


Top View 


Block Diagram 


Oscillator 



10 
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LR3468 


Analog Clock CMOS 1C 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Pin voltage* 

Vdd 

— 0.3 — b3.0 

V 

V,n 

-0.3~V DD + 0.3 

V 

VquT 

-0.3~V dd +0.3 

V 

Operating temperature 

T 

x opr 

— 10 — I- 60 

!■ °c 

Storage temperature 

Xstg 

^55 — 1- 150 

°c 


* Referenced to Vdd 


■ Operating Conditions (T a =25”C) 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage 

Vdd 

+ 1.1 — f 1.9 

V 

Oscillator frequency 

lose 

32.768 (TYP.) 

kHz 

Oscillation start voltage 

v 

v osc 

1.3 

V 


■ Electrical Characteristics (f 0SC =32.768kHz, c G =22pF, c 1 =20kn, Ta=25°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Current consumption 

Idd 

V dd =1.5V 



10 

M 

Oscillation stability 

Af/f 

V dd = + 1.1 ~ + 1.7V- 



2 

ppm/0.1V 

Output on resistance 

Rsatl 

(P + N) 

V DD = 1.2V, R L = 600 n 



120 

n 

Alarm output on resistance 

Rsat2 
(P or N) 

Vdd = 1-5V, Iout — 1mA 


200 

600 

a 

AC pin pull up resistance 

Ral 

V dd =1.5V, V in =0V 


10 


kO 

Oscillation start time 

T„sc 

V dd =1.5V 



5 

s 

Oscillation circuit built-in 
capacitance 

Cd 



25 


pF 

AC input voltage 

V,„ 

V dd =1.5V 

1.4 


1.5 

V 

V,L 

V DD = 1.5V 

0 


0.1 

V 
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Analog Clock CMOS LSI with Electronic Melody Generator 


LR3465 


I O Q A £ C Analog Clock CMOS LSI with Electronic Melody 
LiaOtv? Generator 


■ Description 

The LR3465 is a CMOS IC for electronic clocks 
using a 32.768kHz crystal with stepper motor 
drive circuit and melodies, alarm functions. 


■ Features 

1. Low resistance outputs for stepper motor 

2. “Seconds” stop function 

3. Melody performance with accompaniment 

4. Mask ROM programmable 

5. 8 melodies (3 -melody select inputs) 

6. Loudness volume control function 

7. Melody envelope controlled by external CR cir- 
cuit 

8. 32.768kHz crystal oscillator 

9. Single power supply : — 1.5V 

10. CMOS process 

11. 22-pin dual-in-line package 


■ Pin Connections 



Block Diagram 


Oscillation 


“Seconds” 
Stop Input 
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Analog Clock CMOS LSI with Electronic Melody Generator 


LR3465 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Pin voltage* 

Vss 

— 0.3 — b0.3 

V 

' v IN 

V ss - 0.3 ~ +0.3 

V 

VoUT 

Vss - 0.3 — (-0.3 

V 

Storage temperature 

Tstg 

-55- + 150 

°c 

Operating temperature 

T ODr 

— 10 — 1- 50 

°c 


* Referenced to Vdd 


■ Operating Conditions 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage 

Vdd 

-2.0 1.2 

V 

Oscillator frequency 

1-osc 

32.768 (TYP.) 

kHz 

Oscillation start voltage 

v 

v osc 

-1.4 

V ' 


■ Electrical Characteristics 


(V DD =0V, V ss = - 1 1.5V, Ta=25“C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Current consumption 

Isss 

Standby no load 



5 

M 

1 

Issa 

Melody-ON no load 



1 

mA 

Oscillation start time 

Tosc 

V DD = 1.4V 



10 

s 

1 

Input voltage 

V,H 


-0.3 



V 

2 

v, L 




-1.2 

V 

Input current 1 

llHl 

> 

0 

li 

2 

> 


2 

10 

M 

2 

Input current 2 

llH2 

> 

0 

II 

2 

> 

10 


200 

M 

3 

Output current 1 

loHl 

V O ut=-0.5V 

250 



M 

4 

Output current 2 

IoH2 

V O ut=-0.5V. 

3 




5 

IoL2 

V OU t=-1.0V 

3 



M 

Output current 3 

IoH3 

V O ut=-0.5V 

5 



M 

6 

IoL3 

V OUT =-1.0V 

200 



fxk 

Output current 4 

IoH4 

V O ut=-0.5V 

200 



{JL A 

7 

IoL4 

V O ut=-1.0V ■' 

5 



M A 

Output voltage 

VoUT 

V SS =-1.2V, R L =3000 

0.9 



V 

8 

Output pulse width 

t 



31.25 


ms 

9 

Output cycle 

Ti 



2 


s 

9 

Output phase difference 

T 2 



1 


s 

9 

Oscillation stability 

Af/f 

V SS =-1.7~1.2V 



2.5 

PpnV0.1V 

1 


Note 1: CD=Cc = 22pF 

Note 2: Applies to STi, ST 1 —S 3 , MA pins 

Note 3: Applies to SI pin. Melody OFF time 

Note 4: Applies to EVi, EV 2 pins 

Note 5: Applies to SOi, SO 2 pins 

Note 6: Applies to ML pin. The value of Ioh for melody OFF time. 

Note 7: Applies to MH pin. The value of Iol for melody OFF time. 

Note 8: Applies to Pi, P 2 pins. Rl= 300O (Refer to the right figure. 

Note 9: Refer to clock specifications. 


Pi Rl p 2 
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LR3465 


Analog Clock CMOS LSI with Electronic Melody Generator 


■ Clock Specifications 

<Step motor drive output) 



By altering PLA, the output pulse width t 
can be selected from the following : 15, 31, 46, 
62, 78, 93, 109 (ms) 

(Second stop function) 

Second counting will be performed and the 
output for the step motor will turn off while 
the SS input is ON. On turning the SS input 
OFF, the second counter is enabled to start. 
(Maximum error : 31.25ms). 

■ Melody Specifications 

(Number of music) Up to 8 pieces 
(ROM) 600 steps X 13 bits 
(Sound source) 2 sources 
(Range) 2.5 octaVes 

For the sounds in parentheses ( ), only 


the attack sound output will be generated. 



(Tempo) 15 speeds for each music (The mini 
mum note length shall be selected from between 31 
~468ms). 

(Note length) 2 kinds (Other notes of different 
length can be represented by the different number 
of steps.) 

(Example) If the fastest note in a music is 
the kinds of note that can be specified by 1 
step are X.and P . The note length control is 


by “1” and “0”. 

J = P (1) + P (0) 2 steps 

J- = P (1) + P (0) + P (0) 3 steps 

P = P (1) + P (0) 2 steps 

The number in parentheses ( ) repre- 

sents envelop control. 


(Number of performances) 1 — 15 times, endless 
(Commands) Melody command 

— Snooze command 

Control command Jump command 

—Repetition number setting 
command 
— End command 


(Command organization) 


Il~I 5 

Predominant melody interval 

I 6 

Predominant envelope control 

I) 111 

Accompaniment interval 

I 12 

Accompaniment envelope control 

Il3 

Note length control 


(Music selection) 

According to the state of the music select in- 
put Si~S 3 , one music will be selected from the 
8 pieces of music available. The pull-down 
resistor built into the music select pins allows 
the pins to be used either connected to V S s or 
open. 

If the music select input state is altered in the 
middle of performance, the music then speci- 
fied will be performed from the start. A 
music selection for the LR34651 in which 8 
pieces of music is written in is shown in the 
table below. 


Music select 
input 

Name of music 

Tem- 

po 

Number of 
repetitions 

Si 

S2 

S3 


J = 

T3 — Vdd 

T 3 = V 55 

H 

H 

H 

Westminster 

68.6 

1 

1 

L 

H 

H 

Westminster 

96 

1 

1 

H 

L 

H 

* 

96 

8 

1 

L 

L 

H 

Spring (Four 
seasons) Vivaldi 

96 

10 

1 

H 

H 

L 

Autumn (Four 
seasons) Vivaldi 

96 

8 

1 

L 

H 

L 

Winter (Four 
seasons) Vivaldi 

40 

5 

1 

H 

L 

L 

Chime 

192 

Endless 

Endless 

L 

L 

L 

Alarm 

240 

Endless 

Endless 


* Twinkle twinkle little star French music 
E : Vdd L : Vss or open 

(Melody start, stop) 

(1) One shot type 


Start input ST 
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Analog Clock CMOS 1C with Electronic Melody Generator 


LR3465 


(2) Hold type (Number of repetitions 1 — 15 
times) 

Start input ST J LJ 1 


(3) Hold type (Number of repetition Endless) 
Start input ST | 


Mode input MA < " i — ■ 

Melody output ~\ J ^L_ 

Auto stop Forced stop 


■ System Configuration (LR34651) 


Mode input MA — 
Melody output f 


Forced stop^ 


(Snooze function) 

Snooze function allows each music to be 
programmed into the mask ROM independent- 
ly. However, the number of musics that can be 
selected will be reduced because a program in 
snooze function is one of the melody programs. 



Note TRi : 2SC1383 
TR 2 : 2SA683 


Envelope waveform is determined by 
the value of R applied to pins No. 14 
and No. 15. 

Make sure that pins No. 10 and No. 
12 are to be connected to No. 11. 

Make sure that pin No. 2 is to be con- 
nected to pins No. 11 or No. 21. 
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LR3441 


LR3441 


LCD Digital Clock CMOS LSI 


■ Description 

The LR3441 is CMOS LSI for LCD display 
clocks with a basic three function, daily alarm, 
hourly alarm and timer. 


■ Features 

1. Three functions (“Hour”, “Minute”, “Second”) 
“Second” display by colon 

2. Alarm function with Snooze function 

3. Hourly alarm 

4. Timer function 

5. Instant second set function (1 ~ 59 sec No 

carry to the minute digit) 

6. 3V dynamic LCD drive 

7. 32.768kHz crystal oscillator 

8. Single power supply : — 1.5V (with voltage 
doubler) 


■ Pin Connections 



Block Diagram 


Oscillation 


Alarm 

Output 


Test 


Doubler Output 


Switch Input 


Segment Output 


Common 

Output 



Timer 

Output 


Vdd 

V ss 
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LCD Digital Clock CMOS LSI 


LR3441 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 


Vss 

- 2.0~ + 0.3 

V 

1 


Vee 

-4.0- + 0.3 

V 

1 

Pin voltage 

V, N 

V ss - 0.3- + 0.3 

V 

1,2 


VoUTl 

V SS — 0.3 — +0.3 

V 

1,2 


VoUT2 

V ee -0.3-+0.3 

V 

1,3 

Operating temperature 

T„ Dr 

-10- + 60 

°c 


Storage temperature 

^stg 

-5.5- + 150 

°c 



Note 1: Referenced to Vdd 
Note 2: Applies to Vss pins 
Note 3: Applies to Vee pins 


■ Operating Conditions (Ta=25"C) 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage 

V ss 

-1.8 1.2 

V 

Vee 

2V SS (TYP.) 

V 

Oscillator frequency 

lose 

32.768 (TYP.) 

kHz 

Oscillation start voltage 

v 

v osc 

-1.4 

V 


■ Electrical Characteristics (v DD =ov, v ss =-i. 5 v,v EE =- 3 .ov,Ta= 25 °C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Current consumption 

Itotal 

No load 


1.5 

3.0 

M 

4 

Oscillation start time 

T 

A osc 

V SS — — 1.4V 



10 

S 

4 

Segment output current 

los 

V DS — 0.5V 

20 



M 


Common output current 

loc 

V DS — 0.5V 

60 



M 


DDC output current 

IoD 

V DS — 0.5V 

60 



M 


V c output current 

lov 

V ds = 0.5V 

120 



M 


AL (AC)qut, TSqut 

Output current 

loHl 

V OUT — — 0.2V 

200 



M A 


AL (DC)qut, SLqut, TM 0 ut 
O utput current 

loH2 

V DS — 0.2V 

100 



M A 



Rsi 

V,N = 0V 


700 


kfl 

5 

Pull down resistance 

Rs2 

v IN =ov 


500 


kfl 

6 


R t 

> 

0 

II 

2 

> 


100 



7 

Input voltage 

V,H 

V ss = — 1.8 1.2V 

-0.1 


0 

V 

8 

V,L 

V ss =“1-8 1-2V 

Vss 


Vss+0.1 

V 

8 


Note 4: CD=Cc=22pF, Ci=C 2 = 0.1 

Note 5: Applies to 0.5H/1H, SF pins 

Note 6: Applies to ZA, Si, S 2 , SN/SLoff, SL, AL pins 

Note 7: Applies to TE, TIi, TI 2 , IR pins 

Note 8: Applies to 0.5H/1H, SF, ZA, Si, S 2 , SN/SLoff, SL, AL, IND-SEL, ALoff, 12H/24H pins 
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LR3441 


LCD Digital Clock CMOS LSI 


■ Specifications 

(1) Input control 


Symbol 

Content 

LR3441 

Si 

“Hour” set 

Pull down to Vdd 

s 2 

“Minute” set 

Pull down to V ed 

SF 

Safety 

Pull down to V DD 

ZA 

0 adjust 

Pull down to V DD 

AL 

Alarm mode switch 

Pull down to V DD 

SL 

Sleep timer mode switch 

Pull down to V DD 

SN/SLqff 

Snooze “ON” sleep “OFF” 

Pull down to V DD 

ALqff 

Alarm output “OFF” 

Open • drain 

12H/24H 

12 hours/24 hours switch 

Open * drain 

INDsel 

Indicator select 

Open • drain 

IR 

Initial • reset 

Pull down to V DD 

0.5H/1H 

Sleep time 32 minutes/64 minutes switch 

Pull down to V DD 


(2) Operation flow 

( i ) Function read operation ('") 0 adjust 
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LCD Digital Clock CMOS LSI 


LR3441 


(vi) Mode display format 


Mode 

Display 

Time display 

HH : 

: mm 

Time display 

SF & S L ON 

*1 

: mm 

adjust operation 

SF & S 2 ON 

HH 

: *2 

Alarm 

time 

AL ON 

HH : 

: mm 

AL & S x ON 

*1 

: mm 

AL & S 2 ON 

HH 

: *2 

Sleep 

SL ON 

MM 

timer 

SL & S 2 ON 

*3 


1 Hz flashing 

* 1 Si 1 count-up with each ON 

*2 S 2 1 count-up with each ON. Rapid feed by 5 minutes if S 2 
held ON for more than 2 seconds. 

* 3 S 2 1 count down with each ON. Counts-down by 5 minutes 

if S 2 held ON for more than 2 seconds. 


■ Functions 

(1) Alarm function 

( 1 ) If the set alarm time coincides with the real 
time, the following outputs will be generated at 
each of the following outputs. 

• At AL(AC)out 4 minute tone output of 2kHz X 

8Hz X 1Hz 

• At AL(DC) out approximately 32 (64) minute con- 
trol output 

• At TMout approximately 32 (64) minute control 

output 

(ii) When the SN/SLoff is turned ON while the 
alarm output is being generated, the output will be 
interrupted for approximately 7 minutes until the 
output generation is resumed. Called snooze func- 
tion, it can be repeated for either approximately 32 
minutes or 64 minutes. 

(iii) The alarm indicator selected by the INDsel 
pin with the alarm timer being set can be dis- 
played. 

(iv) With ALoff switch connected to Vss, the 
alarm indicator will not be displayed and alarm 
will not be output even if the alarm time and the 
real time coincide. 

( v ) The alarm control output time can be 
selected by the 0.5H/1H pin to either 32 or 64 mi- 
nutes except when alarm output is being generated. 

(2) Sleep timer function 

(i) If the SL is depressed with no TMout output, 
either 32 or 64 will be selected according to the 
state of the 0.5H/1H pin and TMout and SL 0 ut will 
be output. 

(ii) The remainder of the time can be displayed 
if the SL is turned ON while the sleep timer is in 
operation. 


(iii) Whenever the SN/SLoff pin is turned ON 
while the sleep timer is in operation, the sleep out 
will go OFF. 

(iv) If the SL is turned ON during the alarm out- 
put, the TM 0 ut and AL(DC)out will be output for 
another 32 or 64 minutes. The timer interval can 
be selected by the 0.5H/1H pin to either 32 or 64 
minutes except in the sleep operation. 

( v ) When S 2 has been depressed to set the sleep 
timer to “0” in rapid feed, it will stay at “0” on 
further depression of S 2 . 

(3) Timer out 

The TM output (DC) will be generated when 
either the sleep output or the alarm output (DC) is 
generated. The timer out is an OR-circuit of the 
sleep out and AL(DC) 0 ut- If the ALoff is ON with 
only AL(DC) as the output, the timer out will also 
be turned OFF. 

(4) Time signal 

The TSout pin that outputs time signal is pro- 
vided. The output starts at 59 minutes 57 seoncds. 
(See the figure below.) 



(5) In the case of alarm and sleep overlap 

(i) The figure below shows the state of each 
output pin when the sleep timer goes into operation 
during the alarm output. 

When the SL is turned ON, the AL(DC)out and 
TMout intervals will be set to another 64 min/32 
min. When the SN/SLoff is turned ON, the TMout, 
ALout, and SLoff will be turned OFF. 


AL( AC)out n 
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LR3441 


(ii) When the alarm time and the real time coin- 
cide while the sleep timer is in operation to gener- 
ate the alarm output, the SLout and TMout intervals 
will be set for another 64 min/32 min. 


SLout 


— 


AL(AC)out 



H ! 


J 



AL(DC)out 

' 

1 

1 — 

TMout 

— r 


7 i — 

Switch to put 



f* 64 min *■< 

AL (DC) out 


j 

[•SN/SL„kkSW — f J 

TMout and SLout 

1 

1 

| 

into the OFF state 

SL ojv 

ALout syncronized 



with real time 


In this case if the SN,/SLoff is turned ON, the 
AL(DC)out and AQ(AC)out will go OFF never to be 
output even 7 minutes later. When the ALoff is 
turned ON, only the AL(AC)out will go OFF. 

(6) Initial reset 

If the IR pin is connected to Vss, initial reset will 
be applied to immediately reset all the counters and 
AM 12 : 00 or 0 : 00 will be displayed depending 
on the 12H system in the case of the former, 24H 
system in the case of the latter. 

(7) Indicator select 

The INDsel pin can select either the bell mark or 
the note mark. 

Note mark : with Vdd connected or open 
Bell mark : with Vss connected 


■ System Configuration 
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LR3419 


LR3419 


Digital ON/OFF Clock Timer CMOS LSI 


■ Description 

The LR3419 is a CMOS LSI designed to provide 
clock and timer functions. The base frequency is 
selectable : 5 0 Hz or 60 Hz line input or 32.768kHz 
crystal. It is also capable of driving fluorescent 
displays tube (VFD) directly. 


■ Features 

1. “Hours-Minutes” display 

2. Timer function that permits both ON/OFF 
times to be set 

3. Power failure indication 

4. Directly static-drive a VFD 

5. Time base : 50/60Hz line or 32.768kHz crys- 
tal 

6. Power supply voltage : +5V 

7. CMOS process 

8. 48 -pin quad -flat package 


■ Pin Connections 



Block Diagram 



Segment Output 
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Digital ON/OFF Clock Timer CMOS LSI 


LR3419 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Conditions 

Ratings 

Unit 

Note 

Supply voltage 

V DD 

Referenced to GND 

— 0.3 — h7.0 

V 


Input voltage 

V IN 

Referenced to GND 

-0.3~(V dd +0.3) 

V 


Output voltage 

BV 

Referenced to GND 

Vdd + 0.3 23 

V 

1 

Power consumption 
derating ratio 

Pd 

Tai + 25'C 

550 

mW 



Ta> + 25'C 

5.4 

mW/°C 


Pin current 

Ii 


+ 2.0 

mA 

1 

±1.0 

2 

Operating temperature 

T„ or 


— 10 — L60 

°C 


Storage temperature 

Istg 


— 40 — h 100 

°C 


Note 1: Applies to ai~4, bi~3, ci~i, d3~4, ei~i, fi~i, gi~4, Ql, Qh, Qt pins 

Note 2: Applies to I/O pins except Note 1 

■ Operating Conditions 

Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vdd 

Referenced to GND 

4.5 

5.0 

5.5 

V 

Input voltage 

Vin 

Referenced to GND 

0 


Vdd 

V 

Output voltage 

VqIIT 

Referenced to GND 

-21 

-19 

0 

V 


■ Electrical Characteristics 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input voltage 

V,„ 

Applies to all input pins 
V dd =5.0V 

4.0 


Vdd 

V 

3~7 

VlL 

0 


0.4 

Input current 

f I H 1 

Vin — V DD 



1.0 

t* A 

3 

f IL1 

V 1n = GND 



- 1.0 

f IH2 

v in =v dd 


5.0 

30 

M 

4 

f IL2 

V in = GND 



- 1.0 

IlH3 

Vin = V dd 



1.0 

M 

5 

f IL3 

V 1n = GND 


LO 

o' 

1 

-3.0 

ilH4 

v 1N = VdD 



1.0 

M A 

6 

IlL4 

V in =GND 

-10 

100 


IlH5 

v IN = V DD 


0.5 

3.0 

V A 

7 

I]L5 

V in =GND 


-0.5 

-3.0 

Input amplitude 

Vi 

f=50 or 60Hz 

4.0 


v DD 

V„- D 


Output voltage 

Voill 

I OH = 0.5mA, V DD — 5.0V 

4.5 

4.9 


V 

1 

VoLl 

Connects to —19V at R L =100kf2 

-19.0 


-18.0 

V()H2 

Ioii — 0.2mA, V DD = 5.0V 

4.5 

4.9 


V 

8 

VoL2 

Iol= “0.2mA, V dd =5.0V 


0.1 

0.5 

Time * base 

f 

CONj=GND, con 2 =gnd 


50 


kHz 


CON!=V dd , con 2 =gnd 


60 


con^gnd, con 2 =v dd 


32.768 




f=50Hz, V^V^Vp-p 



50 


1 

Current consumption 

Idd 

f=60Hz, Vi=V DD Vp_p 



50 

fxk 

8 



With 32.768kHz crystal 



50 


9 


Note 3: Applies to CONi, CON 2 , 12/14 pins 

Note 4: Applies to Pi~3, Sh, St, Sm, Ti pins 

Note 5: Applies to ACL pin 

Note 6: Applies to TE, Ti pins 

Note 7: Applies to Xi pin 

Note 8: Applies to Tout pin 

Note 9: . Clock display mode 
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■ Specifications 
(1) Basic time base 


Time base 

Time base select input 

Time base input pin 

CONi 

CON 2 

Xi 

X 2 

50Hz 

0 

0 

50Hz 

OPEN 

60Hz 

1 

0 

60Hz 

OPEN 

32.768kHz 

0 

1 

* 

Disable 

1 

1 



* Oscillator feedback circuit that consists of crystal and 
capacitance 


(2) Operation flow chart 

( i ) Function readout operation 



Transits only when SW 
\ is ON. Returns automatically 
after it is turnd OFF 


Note: Hour rapid feed (S H ) will proceed as follows. 

12 -hour representation 

pi 2—1— 2 —10—11 

I AM/PM change- 


24-hour representation 

*12—13—14 —23—0—1—2 —11- 


c 


(ii) Hour display adjust operation 



Counter digit below 
second will be reset 


• After P is turned OFF, timing starts from 00 second. 

• While being adjusted, the 10 minute digit does not increment 
the hour digit, nor does the minute digit increment the 10 mi- 
nute digit. 


(iii) Timer ON (OFF) time setting operation 


Time display 


c 


P2 ( P 3) and either Sh, St 
or S m simultaneously 


) 


Fast forward of the 
hour digit, 10 th minute 
digit or minute digit 


• Setting will be complete when P2(P3) is OFF. 

• While being adjusted, the 10 minute digit does not increment 
the hour digit, nor does the minute digit increment the 10 mi- 
nute digit. 

• In the timer ON (OFF) time set mode, timing will not stop. 

• In the timer ON (OFF) time set mode, timer output will not be 
affected even if the timer ON (OFF) time coincides with the time 
display. 


(iv) Simultaneous depression of setting 
switches 

Normally only one of Pi, P 2 , and P 3 goes ON. If 
more than two of these are depressed simultaneous- 
ly, they enter no input and go into the time display 
mode. 

( v ) Simultaneous depression of rapid feed 
switches 

Normally only one of Sh, St, and Sm goes ON. If 
more than two of these are depressed simultaneous- 
ly, the following operation will proceed. 

( a ) If one input goes ON followed by another in- 
put that ON 


Sh J 1 1 

Sr _j_j r"i— i 

i i 

n -i 

1 1 ^1 

Sm ! | r 

i ^ | 

-J K 

r ! ! 


Hour Decade Minute 

forward minute forwrd 

forward 


(b) More than 2 inputs go ON simultaneously 


S H 

! UT“ 

1 j 

n 

1 

b>T _J 

n 1 

; 1 

1 1 ~ 

! 

Sm ! 


! 1 

1 

1 1 

j ! ! 

1 

Hour forward 

1 Minute forward 
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Digital ON/OFF Clock Timer CMOS LSI 


(vi) Power failure display function 

In any mode, LSI will be initialized inside on ap- 
plication of ACL to display : 

With 12 hour representation PM 12:00 
With 24 hour representation 12:00 

This whole display goes flashing, 0.5 second ON 
and 0.5 second OFF. The display stays in the ini- 
tial state. To stop flashing, go into the time dis- 
play mode (Pi ON) and then timing starts with Pi 
turned ON. 

On application of ACL with Pi set to ON, the dis- 
play will stay in the initial state without flashing. 

On the next Pi ON, the display still in the initial 
state will go flashing. Then on the next Pi ON, 


flashing will stop. And on the next Pi ON, timing 
starts. 

(vii) Auto clear circuit 

The internal state on power-up will be as fol- 
lows. 

( a ) Time display 

12 hour representation PM 12 : 00 
24 hour representation 12 : 00 

And the second counter will be reset. From the 
time when the auto clear input ceases to exist, it 
will operate according to the mode input (Pi, P2, P3). 

(b) Time ON and Timer OFF time 

With 12 hour representation PM 12 : 00 
With 24 hour representation 12 : 00 


■ System Configuration 



Note 1: Set to side 2 under 24 hour system, 

and set to side 1 under 12 hour system 


Time base selection 



CONi 

CON 2 

50Hz 

side 1 

side 1 

60Hz 

side 2 

side 1 

32.758kHz 

side 1 

side 2 


Note 3: Time base input circuit 
( a )At 50Hz, 60Hz 

0-l^F 

° — H-JL(|) 

TUT lflF 

© 


(.b)At 32.768kHz 



Note 4: Fluorescent display tube FIP5B135 
The number indicates the pin number. 

The figure in ( ) is for 12 hour system. 
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VTR Program Timer CMOS LSI 


■ Description 

The LR3472 is a CMOS LSI for a 6 events 1 week 
VTR program timer. It can directly drive a fluores- 
cent display tube (VFD). 


■ Features 

1. “Hours-Minutes” display 

2. Selectable 12/24 hr. format 

3. Max. of 6 events 1 week 

4. 6-daily and 1 -weekly reservation 

5. Directly drive a VFD 

6. Time base : 32.768kHz crystal 

7. Supply voltage : — 5V 

8. CMOS process 

9. 48-pin quad -flat package 


■ Pin Connections 



■ Block Diagram 
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■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Supply voltage * 1 

Vdd ' 

+ 0.3 7.0 

V 

Input voltage * 1 

V,N 

+ 0.3~V DD — 0.3 

V 

Output voltage * 1,2 

V N 

+ 0.3 40 

V 

Operating temperature 

Topr 

— 10 — H60 

°c 

Storage temperature 

T st „ 

— 55 — 1-150 

°c 


* 1 Referenced to Vss 

* 2 Applies to R 1 - 1 —R 4 - 1 , Di — D8, Sa~Sh pins 


■ Operating Conditions 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage * 1 

V DD 

-5.5 

-5.0 

-4.5 

V 

Input voltage * 1 

V 1N 

Vdd 


0 

V 

Output voltage * 1,2 

V N 

-32 



V 


■ Electrical Characteristics 


(V DD = — 5.0V ±10%, V N = — 32V, Ta=25°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Input voltage 

v,„ 


-0.5 


0 

V 

1 

V,L 


Vdd 


V dd + 0.5 

Input current 

IlHl 

V IN = 0V 



10 

/“A 

2 

■ I[L1 

V,N = V DD 

-1 



IlH2 

> 

0 

II 

2 

> 



5 ■ 

//A 

3 

IlL2 

Vin - V D d 

-1 



IlH3 

> 

0 

II 

z 

> 



1 

M 

4 

^IL3 

ViN — V DD 

-5 



IlH4 

V 1N = 0V 



4 

M 

5 

^IL4 

Vin == V D d 

-1 



Output voltage 

VoHl 

Ioh = ~6mA 

-2.0 



V 

6 

VoLl 

R L =120kfi to V N 



V n +1.2 

V 0 H2 

Iqh = 1 2mA 

-2.0 



V 

7 

V 0 L2 

R L = 120kfi to V n 



V N + 1.2 

V 0 H3 

Ion — ~ 2mA 

-2.0 



V 

8 

V 0 L3 

R L = 120kfi to V N 



V N +1.2 

V 0 H4 

Ioh= “ 3mA 

-2.0 



V 

9 

V 0 L4 

R L =f= 120k 0 to V N 



V N + 1.2 

Oscillator frequency 

^OSC 



32.768 


kHz 


Current consumption 

Iddi 

No load, uniterrupted power condition 



300 

M 

10 

IdD2 

No load, interrupted power condition 



40 


Note 1: Applies to Vcc, ACL, Ti, T 2 , 7, /?, « , Ki—Ki pins 

Note 2: Applies to Ki~Ki pins 

Note ' 3: Applies to a , /? pins 

Note 4: Applies to Vcc, 7 pins 

Note 5: Applies to ACL pins 

Note 6: Applies to Sa~Sh pins 

Note 7: . Applies to Di~Ds, pins 

Note 8: Applies to Ri-i — Ri-i, R2-i~R2-4 

Note 9: Applies to R3-1 — R3-4, R4-1 — R4-1 

Note 10: Test circuit (right figure) 
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■ Specifications 

(1) Input keys and operations 


clock 

call 

Timer 

call 

Day 

Hour 

Min 

Clear 


CHI 

CH2 

CH3 

CH4 

CH5 

CH6 

CH7 

CH8 

CH9 

CH10 

CHI 1 

CH12 

CH13 

CH14 


( i ) Clock Call key 

When to set the current time, depress the Day, 
Hour, and Min keys one after another while holding 
the key pressed. When both the Clock Call key and 
any one of the Day, Hour, and Min keys are re- 
leased, the clock starts from 00 second. Depression 
of the Clock Call key in other mode (time set mode) 
causes the data that has been displayed on the 
fluorescent display tube stored and at the same 
time goes back into the clock mode. 

(ii) Timer Call key 

This key is for calling the 6 timers in sequence. 
With each depression, this along with the symbol 
will be displayed on the fluorescent display tube in 
the order shown in the figure below. Only the data 
called by the Timer Call key to the fluorescent dis- 
play tube can be altered in timer setting and 
clearing. 



(iii) Day, Hour, Min key 

To set the current time or set the timer, depress 


these keys to execute one by one the data being dis- 
played on the fluorescent display tube. With each 
depression of these keys, the data gets renewed by 
1. But if they are held pressed for longer than 0.5 
second, the data gets renewed by 1 every 0.25 
second. 


•Sun —Mon — »Tue — »Wed-^Thu— »Fri— >Sat— 


T 


In current data setting, the Day key should be 
depressed 7 times to return to the origin. But in 
timer ON time setting, it should be depressed 8 
times because of the additiona of “everyday”. 

(iv) Data renewal by the Hour key 

In current time setting or recording time setting, 
the data will be renewed in any of the following 
manners depending on whether the clock is under 
12 hour system or 24 hour system. 

• Under 12 hour system 


C 


PM12 — »PM1 — >PM2 - 


»PM11— »AM12— »AM1 — > >AM11- 


• Under 2 4 hour system 

s —0 » 1 — >2 — » 3 - 


23 


D 


In recording time setting, the data is renewed in 
the following manner. 



The recording time can be set to up to 11 hours 
and 59 minutes. 


( v ) Data renewal by the Min key 



3 


— 58 



(vi) Clear key 

This key is used to clear the data of the timer 
that is set. First depress the Timer Call key to call 
the timer then depress the Clear key to clear the 
stored data of the timer that was called to the 
flourescent display tube. 

The recording time data can be cleared indepen- 
dently but if their recording start time is cleared, 
the recording time data of the same timer will also 
be cleared. This key has a function of stopping the 
execution of timer recording. In other words, while 
timer recording is being excuted, only this key 
along with the Timer Call key and the Clock key 
that are used to confirm the preset time can be 
accepted and clears in the clock mode only the data 
of the timer which is executing recording to bring it 
to a forced stop. 

Simultaneous depression of any other key than 
the Clock Call cannot be accepted. A new key input 
cannot be recognized until all the keys are released. 


SHARP 





VTR Program Timer CMOS LSI 


LR3472 


(vii) Other inputs 

(a) 12 hour/24 hour swiching input 

(b) Tape end input 

This input gone “Low” is recognized as the tape 
end and causes the timer outputs T P andT R to go 
“Low” for the timer operation to come to an end. 


And unless this input is “High”, tne timer output T P 
and T R will not go “High” even if the current time 
and the recording start time coincide in the clock 
mode. 

( c ) Power failure detect output 


(2) Display and outputs 



( i ) Display 

The clock has 12 hour system/24 hour system 
switching capability. Under the 12 hour system, 
AM/PM change-over occurs between 11 o’clock 
and 12 o’clock. 

When the clock is under 24 hour system, so is 
the timer ON time. The display “PRO” indicates the 
time is set to the timer and lights up when setting. 

The colon fashes 0.5 second ON and 0.5 second 
OFF while the clock is in operation. The character 
in the g? position indicates the timer number in re- 
cording start time setting and recording time set- 
ting. Error lights up when more than two timers 
overlap. 

(ii) Outputs 

The LR3472 has the following outputs. 

Channel control output 2 -bit Cu, C D 

Timer power output 1-bit T P 

Timer rec output 1-bit T R 

The channel control output is for controlling the 
channel selector IC. The timer output T P goes 
“High” in recording start time and recording time 
setting. And in the clock mode, it goes “High” 1 mi- 
nute before the recording start time. The timer out- 
put T R in the clock mode goes “High” if the current 
time coincides with the timer ON time in the clock 
mode. Power failure causes all the displays to go 
blank and resets the output. When the power comes 
back on, the power failure indication will be dis- 
played during the next 1 minute. If the power fai- 
lure occurs while recording, T P goes “High” (on 
channel 1 now) and another 1 minute later, T R goes 
“High” (on the preset channel) to resume recording. 

The power failure display is indicated by flash- 
ing 1 second ON and 1 second OFF. To stop the 


flashing, depress the Clock Call key. 

(3) Initial mode 

— — CH1~CH14 key Shift the channel by Cu, 

and C D . 

Clock Call key For clock setting mode 

Goes into this mode after auto clear is reset on 
power-up. This mode accepts only the CH1—CH14 
keys and the Clock Call key for clock setting. Once 
the Clock Call key is deressed, timing of the clock, 
and timer operation are disabled. Timing cannot be 
performed until the clock is set. 


Initial state display 



Display after depression of the Clock Call key 
(Note) The colon is lit. 


(4) Clock setting mode 


Clock Call key — |— Day key - 
Hour key 


d + 1 — * d 
h+ 1 — -► h 
L Min key — m + 1 — -*m 
1 Clock Call, Day, Hour, Min key 

The LR3472 stays in this mode while the Clock 
Call key is held pressed. This mode accepts the 
Day, Hour, Min keys and allows for current time 
setting. Note that the minute digit does not incre- 
ment the hour digit and the hour digit does not in- 
crement the day digit. 
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(5) Clock mode 


I — T P -[— Tape End- 


H 


T„ = (T m — !)„, 


-Clock Call key 


- Day key 1 

- Hour key - 

- Min key — 


I — Timer Call key — 
CH1-CH14 key- 
Tp-i — T=T’ m 


-T P 

-t k 

-Current time set mode 

Recording time set mode 
C u , C D channel shift 


t Clear key - 

Tape End - 


-m= 1, m = everyday — T P , T R 
- m / 1, m=everyday — T P , T R , m clear 
m^ 1, m = everyday — T P , T R , m clear 


T n ; Current time 
T m ; Timer ON time 
T’ m ; Timer OFF time 


This mode is an ordinary timer operation mode 
in that the timer output T P goes “High” 1 minute 
before the preset recording start time with the 
Tape End input “High” and when the current time 
coincides with the preset recording start time, the 
timer output T R goes “High”. Even when the cur- 
rent time reaches one minute before the preset re- 
cording start time or when it coincides with the re- 
cording start time, the timer outputs, T P and T R 
will not go “High”, nor will preset content be 
cleared if the Tape End input is “Low”. 

When the timer output T P is “Low” (when timer 
recording is not being executed), if the Clock Call 
key and either of the Day, Hour, and Min key are 
depressed simultaneously to go into the current 
time setting mode, the current time can be adjusted. 
And when the timer recording is not being ex- 
ecuted with the T P “Low”, the Timer Call key is de- 
pressed to go into the recording start time setting 
mode to allow what is now being displayed to be 
the recording start time and the preset channel for 
the timer 1. On reaching the time where there is no 
recording time left with the timer output T R “High” 
(when timer recording is being executed), the timer 
outputs T P and T R go “Low” to have the corres- 
ponding memory content to be cleared except in the 
case that the memory content for the corresponding 
time happens to be “every day” and the correspond- 
ing timer happens to be the No.l timer. This indi- 
cates that the timer 1 is preset for every week. 

If either the Clear Key is depressed or the Tape 
End input goes “Low” with output T P “High” (when 
timer recording is being executed), the timer out- 
puts T P and T R go “Low” to have the memory con- 
tent for the corresponding timer to be cleared ex- 
cept in the case that the preset content for the cor- 
responding timer happens to be “every day” and 
the corresponding timer happens to be the No.l 
timer. The CHI— CH14 keys can be accepted for 
the channel signal to be generated, while the timer 


output T P is “Low”. 

(6) Recording start time set mode 


■ Tape End - 

■ Day key — 


Hour key 

Min key 

CH1-CH14 key 

Clock Call key 


T P 

d+1- 
h+1- 
m+ 1- 


Day shift 
Hour shift 
Minute shift 


Timer Call key 


- Clear key 


Cd Channel shift 
Display— ►Memory, For the 
clock mode 

Display— ►Memory, Timer 
address shift, For recording 
time setting mode 
Recording start time clear, 
Recording time clear 

This mode is the recording start setting time mode. 
The display in the state in which the called timer 
has been cleared or in which the non-set timer has 
been called is shown as below. 

Day digits are all OFF. 
The timer number is 
that of the timer called. 

(i~6) 

The colon- is flashing. 


B 


Timer display when the 
preset is cleared 

The channel is set initially to channel 1. This 
can be adjusted by the CHI— CH14 keys. The CHI 
~CH1 4 keys and Day, Hour, and Min keys can be 
depressed in any order and if unnecessary need not 
be depressed at all. 

To exit for the mode in which to set recording 
time for the same timer, depress the Timer Call 
key. In which case the timer output T P remains 
“High”. In this mode, the recording time memory for 
the same timer will be cleared on depression of the 
clear key. This mode disables timer recording. 
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(7) Recording time set 

Tr 

h+l-*h Hour shift 
m + 1— ►m Minute shift 
Recording time tlear 
Display-^Memory, For the 
clock mode 

Display-^Memory, Timer 
address shift. For recording 
time set mode 

This mode is the mode in which to set the record- 
ing time. The display in the state in which the re- 
cording timer for the called timer has been cleared 
and in which the not-set timer has been called is 
shown as below. 

The day digits are all OFF . 
The timer number ( 1 — 6) 
displayed is that of the 
timer called. 

The colon is flashing. 

This mode does not respond to depression of any 
of the Day key, and CH1—CH14 keys. If not re- 
quired, the recording time setting procedure by the 
Hour and Min key can be skipped so that the Clock 
Call key and the Timer Call key may be operated to 
proceed to the next step. If timer recording is 
attempted with the recording time cleared, either 
the Tape End signal goes “Low” or the recording 
will continue until the timer recording gets inter- 
rupted by the Clear key. 

With the recording time set to 00 hour 00 mi- 
nute, the Tp goes “High” 1 minute before the re- 
cording start time, but on reaching the recording 
start time, the Tp and T R go “Low” to disable re- 
cording. In this mode, the T P goes “Low” on transi- 




tion by the Clock Call key to the clock mode. By tine 
Timer Call key, this is the same operation as the 
recording start time setting for the next timer. 

This mode disable timer recording. 


(8) Others 

(i) Error indication 

The error indication lights up when more than 2 
of the preset timer contents overlap and the num- 
bers overlapped will be alternately displayed as in 
the example. 

(Example) When the timer No.l, No.2, and No.3 
overlap 

1 — ^ 2 — ^ 3 — ^ 1 — ^ 2 — ^ 3 — ► — — 

Note that more than 2 sets of overlaps cannot be 
distinguished from each one of the sets. 

If the recording time is not set, overlapped preset 
times give no error display. 

Error indication does not prevent transition to 
the program that starts halfway through. 



/ M>N 

( M , N are timers, 
\ No. 1~6 


In the figure above, the timer M is the first to be 
executed. In which case the memory for the timer M 
gets cleared on completion of the timer M recording. 
The timer N completes recording the following 
week to be cleared. 

(ii) Preset for the second week 
If the current time is already past the recording 
start time, it is considered as the preset time for 
one week away. 
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LR3715M 


Remote Control Transmitter CMOS LSI 


■ Description 

The LR3715M is a CMOS LSI developed for use 
in infrared remote control transmitters. 


■ Features 

1. 56-channel of data can be transmitted 

2. Transmission code : PPM 

3. Time base : 455kHz ceramic oscillator 

4. Supply voltage : 3 V 

5. CMOS process 

6. 36-pin quad -flat package 


■ Pin Connections 


t— 1 Q i— i w ' 

O 2 2 D q Z W W O 

zo-oo>oooz 



Block Diagram 


Key 

Input 


Key 

Scan •< 
Output 


Vdd GND 


System Address 



Oscillation 1 
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■ Absolute Maximum Ratings 


Parameter 

Symbol 

Conditions 

Rating 

Unit 

Note 

Supply voltage 

Vdd 

Referenced to GND 

-0.3- + 6 

V 


Input voltage 

VlN 

Referenced to GND 

-0.3- + 6 

V 


Supply current 

Idd, Iee 


±5 

mA 

1,2 

Output current 

IOUT 


±2 

mA 

2 

Power consumption 

Pd 

Ta=25°C 

483 

mW 


Operating temperature 

Topr 


— 20 — H70 

°C 


Storage temperature 

Tstg 


-50- + 125 

°C 



Note 1: I DD refers to the current that flows into the Vdd pin; I E e refeTs to the current draining from the GND pin. 

Note 2: The direction of current flowing into the device is defined as positive: that draining from the device is defined as negative. This 
definition is also applied to the electrical characteristics. 


■ Recommended Operating Conditions 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vdd 

Referenced to GND 

2.2 

3 

3.3 

V 

Input voltage 

Vin 

Referenced to GND 

0 


Vdd 

V 

Oscillator frequency 

. fosc 



455 


kHz 


■ Electrical Characteristics (Vdd=3V, Ta=25°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Supply voltage 

Vdd 


2.2 

3 

3.3 

V 

3 

Current consumption 

Idd 

All input pins open 

fosc oscillated 



0.5 

mA 

3 

fosc stopped 



1 

juA 

Input voltage 

Vin 

! 

0 

1 

Q 

Q 

> 


Vdd ■ 

V 

4 

Vil 


0 


0.6 

V 

5 


IlHl 

Vin = Vdd 



1 

M 

4 

Input current 

IlLl 

Vin = GND 



-1 

IlH2 

Vin=Vdd 



1 

M 

5 


IlL2 

Vin = GND 



-150 


VOH1 

Ioh= — 5 juA 

Vdd— 0.4 


Vdd 

\T 

6 

Output voltage 

VOL1 

Iol=400 fj . A 

0. 


0.4 

V 

VOH2 

Ioh= —0.5mA 

Vdd— 0.4 


Vdd 




VOL2 

Iol= 1mA 

0 


0.4 

V 

7 

Oscillator frequency 

fosc 



455 


kHz 

8 

Feedback resistor 

Rfb 


1 


5 

Mfl 


Note 3: Applied to pin Vdd. 

Note 4: Applied to pins C1-C5, C12, C13 
Note 5: Applied to pins K0-K6, Ti, T2 
Note 6: Applied to pins S0-S7. 

' Note 7: Applied to pin OUT 
Note 8: Applied to pin OSCin, OSCout 
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0000 1000 1 000000 
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® Modulator circuit While it is possible to 
transmit serial 15 -bit PPM signals directly, it 
causes the broadening of occupied bandwidth. To 
prevent this, the device samples the 15-bit PPM 
signa with a 37.9 kHz (When fo = 455 kHz) signal 
and transmits PPM signal at 100% amplitude mod- 



Enlarged diagram 


jUUUUlflMJUl 

26.4 //s 

■ System Configuration 


(3) Precautions in preparing a receiver 

CD Make sure that the non-inverse and inverse 
signals are transmitted alternately. Be sure to 
verify that bit number 15 (K) is alternately set to 
“1” and “0”. It is not enough only to compare bits 
Q-Cu either after inverting them or before in- 
verthing them. 

(2) The PPM signal status “1” or “0” may be 
identified by checking its pulse interval as follows 
(fo = 455 kHz): 

Tp< 0.42 ms ... Non-PPM signal 
0.42 ms = Tp<1.69 ms ... “0” 

1.69 ms=Tp< 3.37 ms ... "1" 

3.37 ms = Tp ... Non-PPM signal 

If a non-PPM signal is received, the device 
clears all bits and begins processing with the first 
bit again. 

(3) If 16 bits (17 pulses) or more of PPM sig- 
nal are received, the device identifies it as a non- 
PPM signal, clears all bits, and begins processing 
with the first bit again. 

® The correct data should be identified by 
matching the system addresses and data expansion 
bits of the transmitter and receiver. 

(f = 455kHz) 



Forward signal Reverse signal Forward signal 
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As shown in the above figure, the nonMriverse 
and inverse signals alternately repeat in series at 
a certain interval. The receiver reconstructs the 
original data by identifying non-inverse or in- 
verse signal according to the status of the data 
judging bit. 

(D Mask bit Ci 4 Fixed at “0” (low) within the 
device 

(2) Device operation timing 

The LR3715M is a transmitter LSI device de- 
signed for use in an infrared remote control unit. 
It consists of an oscillator, key scan signal gener- 
ator. key encoder, memory, data inverter, parallel/ 
serial converter, and output circuit. The device can 
accept a 7x8 key matrix and transmit up to 56 
types of commands in 6-bit code. For power sav- 
ing, the internal oscillation is stopped when no key 
is pressed. If double key operation is made, the de- 
vice stops transmission. » 

® Key scan signal generator When a key 
entry is made, a flip-flop reverses its status to re- 
set the Oscillation Clear signal and start internal 
oscillation. The key scan outputs provide the sig- 
nals shown below. Given fo = 455 kHz, the pulse 
period is 33.8 ms, and pulse width is 4.2 ms. 


So 

nj 

LI 

u 

Si 

u 

U 

u 

S 2 

u 

U 

u 

S 3 

U 

U 

u 

S 4 

u~ 

u 

u 

S 5 

LT 

LT 

Lf 

S 6 

J ' Lf 

LT 

LT 


S' U U U — L 


(2) Key encoder, encoder, and memory The 
key scan signal lines are combined with key input 
lines, K 0 -K 6 , to produce a 7x8 key matrix external 
to the device. The K 0 -K 6 input pins have built-in 
pull-up resistors. 

If a key at the matrix point, Ki-S 3 , is pressed, 
the signal output at pin S 3 is input to pin Ki, to be 
encoded into a 6-bit binary code by the key encod- 
er and encoder before storage into memory. If two 
keys are pressed at the same time, the double key 
prevention logic clears the data in the pertinent 


location of the memory. The following table shows 
the key arrangement and command numbers. If one 
desires to transmit command number 3, the key at 
the matrix point, K 0 -S 2 , can be pressed. 


So S 1 IS 2 S 3 S 4 S 5 S6 S 7 



Scan signal 



So 

Si 

S 2 

S 3 

S 4 

S 5 

S 6 

S 7 

K 0 

1 

2 

3 

4 

5 

6 

7 

8 

Ki 

9 

10 

11 

12 

13 

14 

15 

16 

k 2 

17 

18 

19 

20 

21 

22 

23 

24 

k 3 

25 

26 

27 

28 

~29 

130" 

31 

32 

k 4 

33 

34 

35 

36 

37 

38 

39 

40 

K 5 

41 

42 

43 

44 

45 

46 

1 47 

48 

K 6 

49 

50 

51 

52 

53 

54 

^55 

56 


(3) Data inverter If the 6-bit data is identi- 
fied to be correct, it is transferred to the data in- 
verter, where system address, data expansion bit, 
mask bit, and data judging bit are added to it to 
generate 15 -bit data. 

If the data judging bit is zero, the following data 
will be produced in the data inverter. 

(Example) When the key numbered 8 is pressed: 


Ci 

C 2 

C 3 

c„ 

C 5 

C 6 

c? 

C 8 

C9 

C10 

C11 

C 12 

C13 

C14 

K 

0 

0, 

0 

0 

1 

0 

0 j 

0 

1 

0 

0 

0 

0 

0 

0 


If the data judging bit is “1”, the data except for 
the system address, is inverted by the inverter. 


C, 

C 2 

C 3 

C 4 

C 5 

C 6 

c 7 

C 8 

C9 

C10 

C11 

C12 

C13 

Ci 4 

K 

0 

0 

0 

0 

1 

1 

1 

1 1 

0 

1 

1 

1 

1 

1 



The parallel 15-bit signal is then converted into 
serial PPM signal by the parallel/serial converter. 


(f = 455kHz) 

'67.5 ms >67. 5 ms 

Forward signal Reverse signal Forward signal 
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Remote Control Transmitter CMOS LSI LR3715M 


■ Function 

(1) Transmission scheme 

The LR3715M uses the PPM (pulse position 
modulation) system for 15 -bit signal. 

The device alternately transmits non-inverted 
15-bit data and inverted 15-bit data (system- 
address bit 5 is not inverted, however) . The re- 
ceiver re-inverts the inverted data into the origin- 
al form and compares it with the preceding non- 
inverted data to be sure the two pieces of data are 
identical. Discrimination between inverted and 
non-inverted is achieved by checking the judging 
bit. Reception becomes valid only after the data 
pieces prove identical. 

The PPM system arranges pulses as follows to 
discriminate logic “1” from “0”. 


( a ) Logic “1” 



( b ) Logic “0” 


fUL 


Tp/2 


If the interval between two pulses is Tp, the sig- 
nal is identified to be logic “1”, whereas if it is Tp/ 
2, the signal is identified to be “0”. the device thus 
constructs 15 -bit serial data as follows. For exam- 
ple, a binary code “000010001000000” is con- 
verted into a pulse array as follows: 


0000 1 000 1 000000 

JUUUULJlilJUl nJliUliLiliL 


The following shows bit assignments to data: 

| C. 1 C 2 1 C 3 1 C 4 1 C 5 1 C 6 1 c 7 1 C 8 1 C 9 |Cio |Cii|Ci 2 [c 13 |ChTk~1 

System address Data For data Mask \ 

expansion For data 
decision 

® System address Ci-C 5 These bits are 
set up with switch and allocated to different sys- 
tem. Up to 56 types of commands and two expan- 
sion bit can be transmitted for each system. For 
system address allocation, be sure to contact us. 

® Data code C 6 -Cn The Data code C 6 -Cn 
are allocated to key numbers as shown in the fol- 
lowing table: 


CH 

C 6 

c 7 

C 8 

C 9 

C 10 

C 11 

CH 

C 6 

C 7 

C 8 

C 9 

C 10 

Cu 

1 

1 

0 

0 

0 

0 

0 

29 

1 

0 

1 

1 

1 

0 

2 

0 

1 

0 

0 

0 

p 

30 

0 

1 

1 

1 

1 

0 

3 

1 

1 

0 

0 

0 

0 

31 

1 

1 

1 

1 

1 

0 

4 

0 

0 

1 

0 

0 

0 

32 

0 

0 

0 

0 

Q 

1 

5 

1 

0 

1 

0 

0 

0 

33 

1 

0 

0 

0 

0 

1 

6 

0 

1 

1 

0 

0 

0 

34 

0 

1 

r 0 

0 

0 

1 

7 

1 

1 

1 

0 

0 

0 

35 

1 

1 

0 

0 

0 

1 

8 

0 

0 

0 

1 

0 

0 

36 

0 

0 

1 

, 0 

0 

1 

9 

1 

0 

0 

1 

0 

0 

37 

1 

0 

1 

0 

0 

1 

10 

0 

1 

0 

1 

0 

0 

38 

0 

1 

1 

0 

0 

1 

11 

1 

1 

0 

1 

0 

0 

39 

1 

1 

1 

0 

0 

1 

12 

0 

0 

1 

1 

0 

0 

40 

0 

0 

0 

1 

0 

1 

13 

1 

0 

1 

1 

0 

0 

41 

1 

0 

0 

1 

0 

1 

14 

0 

1 

1 

1 

0 

0 

42 

0 

1 

0 

1 

0 

1 

15 

1 

1 

1 

1 

0 

0 

43 

1 

1 

0 

1 

0 

1 

16 

0 

0 

0 

0 

1 

0 

44 

0 

0 

1 

1 

0 

1 

17 

1 

0 

0 

0 

1 

0 

45 

1 

0 

1 

1 

0 

1 

18 

(? 

1 

0 

0 

1 

0 

46 

0 

1 

1 

1 

0 

1 

19 

1 

1 

0 

0 

1 

0 

47 

1 

1 

1 

1 

0 

1 

20 

0 

0 

1 

0 

1 

0 

48 

0 

0 

0 

0 

1 

1 

21 

1 

0 

1 

0 

1 

0 

49 

1 

0 

0 

0 

1 

1 

22 

0 

1 

1 

0 

1 

0 

50 

0 

1 

0 

0 

1 

1 

23 

1 

1 

1 

0 

1 

0 

51 

1 

1 

0 

0 

1 

1 

24 

0 

0 

0 

1 

1 

0 

52 

0 

0 

1 

0 

1 

1 

25 

1 

0 

0 

1 

1 

0 

53 

1 

0 

1 

0 

1 

1 

26 

0 

1 

0 

1 

1 

0 

54 

0 

1 

1 

0 

1 

1 

27 

1 

1 

0 

1 

1 

0 

55 

1 

1 

1 

0 

1 

1 , 

28 

0 

0 

1 

1 

1 

0 

56 

0 

0 

0 

1 

1 

1 


(3) Data expansion bits C 12 , C 13 These bits 
are used to increase available command types. 

® Data judging bit K This bit K is unique 
to Sharp's remote control system, and is used to in- 
dicate whether the preceding data is inverted or 
non-inverted: 

(a) Non-inverted data 

0000 1 000 1 000000 

JlMAJLJlMiLJliUUUlJ^ 

(b) Inverted data ‘ 

00001 1 1 101 1 1 1 1 1 

JUUlIUULJULJll^ 

When the data judging bit is set to zero, the de- 
vice transmits non-inverted data. When it is set to 
one, the device transmits inverted data (inversion 
of C 6 -Ci 4 and K) . 
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Remote Control Receiver CMOS LSI 


LU59001 


LU 59001 


Remote Control Receiver CMOS LSI 


■ Description 

The LU59001 is a CMOS LSI developed for in- 
frared remote contorol receivers. 

Used together with the LR3715M transmitter, a 
remote control system can easily be realized. 


■ Features 

1. 56-channel of data can be recognized 

2. The serial or parallel data can be transfered to 
the external system 

3. Time base : 455kHz ceramic oscillator 

4. CMOS process 

5. 20-pin dual-in-line package 


■ Pin Connections 



f \ 


Roo [T 

r\ 

2p| Vdd 

Roi JIT 


19 ] R22 

r 23 |T 


18l R30 

Ro2 [T 


R 21 

R03 QT 


16| R 2 o 

cl 2 (T 


l5j Rl3 

CLi (T 


14j Rl2 

R32 


13) RSI 

ACL [9 


l|l R11 

GND [10 

^ J 

n) Rio 



Top View 
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Remote Control Receiver CMOS LSI 


LU59001 


■ Block Diagram 


Parallel or Serial I/O Port 

A 



Symbol description 

Acc " Accumulater C 

Bl,Bm * RAM address register PC 

CG I Clock generator ALU 

SR ’ Stack register SP 

X ^ Temporary register R [0] ~ R [3] ' Output latch 


Clock 


rarallel or 
Serial I/O Port 
& Clock 


Carry F/F 
Program counter 
Arithmetic logic unit 
Stack pointer 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 

Supply voltage 

Vdd 

-0.3- + 7.5 

V 


Input voltage 

VlN 

-0.3~Vdd+0.3 

V 


Output voltage 

VOUT 

-0.3~Vdd+0.3 

V 


Output current. 

lOH 

120 

mA 

1 

IOL 

20 

mA 

2 

Operating temperature 

Topr 

— 10 — K70 

°C 


Storage temperature 

Tstg 

— 55 — h 150 

°C 



Note 1: Total output high current. 
Note 2: Total output low current. 
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Remote Control Receiver CMOS LSI 


LU59001 


■ Recommended Operating Conditions 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vdd 


2.7 


5.5 

V 

Command execution time 

t 

Vdd=5V ±10% 

2 


50 


Vdd=3V±10% 

4 


50 


■ AC Characteristics of External Clock Input Signal 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Input rise time 

tR 

Vdd=2.7~5.5V 



0.1 

/IS 

Input fall time 

tF 

Vdd = 2.7 — 5.5V 



0.1 

/IS 

Clock pulse width 

tL 

Vdd=5V ± 10% 

0.2 


6.3 

/IS 

tH 

Vdd =3V + 10% 

0.4 


6.3 

/IS 


■ Electrical Characteristics (Vdd=2.7V±5.5%, Ta=-io~+70”C) 


Paramater 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 


VlHl 


0.7Vdd 


Vdd 

V 

3 

Input voltage 

v in ! 


0 


0.3Vdd 

V 

3 

V IH2 


Vdd— 0.5 


Vdd 

V 

4 


V IL2 


0 


0.5 

V 

4 


IlHl 

Vin=Vdd, Vdd=5V±10% 

70 

250 

750 

M 

7 

Input current 

Vin=Vdd, Vdd=3V±10% 

15 

70 

200 

M 

8 

IlH2 

Vin=Vdd, Vdd=5V±10% 


20 

60 

M 

5 


Vin=Vdd, Vdd=3V±10% 


7 

20 

M 

5 


lOHl 

Vdd=5V + 10%, Voh=Vdd-2V 

10 



mA 

6 


Voh=Vdd-0.5V 

1 



mA 

7 


IOL1 

Vdd=5V ± 10%, Vdd=0.4V 

1.6 



mA 

6 


Vol=0.4V 

0.8 



mA 

6 


IOH2 

Vdd=5V+10%, Voh = Vdd-2V 

4 



mA 

8 

Output current 

Voh=Vdd-0.5V 

0.5 



mA 

8 

IOL2 

Vdd=5V ±10%, Vol=0.4V 

15 



M A 

7 


Vol=0.4V 

8 



J“A 

8 


IOH3 

Vdd=5V ±10%, Voh=Voh=Vdd-2V 

1 



mA 

9 


Voh=Vdd-0.5V 

0.15 



mA 

9 


IOL3 

Vdd=5V ± 10%, Vol=0.4V 

0.6 



mA 

9 


Vol=0.4V 

0.3 



mA 

9 

Current consumption 

lop 

t=8,8 /is, Vdd=5V±10% 


230 

600 

M A 

10 

t=8.8jus, Vdd=3V + 10% 


120 

230 

M A 

10 


Note 3 : Applied to pins R03, R10-R13, R20-R23, R30-R32. 
Note 4 : Applied to pins ACL, CLi. 

Note 5 : Applied to pin ACL. 

Note 6 : Applied to pins R00-R02. 

Note 7 : Applied to pin R03. 

Note 8 : Applied to pins R20-R23. 

Note 9 : Applied to pin CL2. 

Note 10: No load status. 
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Remote Control Receiver CMOS LSI LU59001 


■ Oscillator Circuit 


Example using CSB455E (Murata) 
Ci=C 2 = 220pF 
R d =2.2kO 


■ Switching Characteristics (OSC Frequency: 455 kHz) 

(1 ) Receive signal (DIN) 


Parameter 

Symbol 

MIN. 

TYR 

MAX. 

Unit 

Receive signal pulse width 

tDIN 

250 



MS 



(2) Serial transfer (with internal clock) 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Note 

RDY ON time 

tON 



2 

ms 


RDY OFF time (DIN— RDY) 

tOFFl 

53 



ms 


RDY OFF time (SDO— RDY) 

tOFF2 

53 



ms 


Duration of CKI at high 

tCKIH 

1 



ms 


OKI end time 

tCKIE 

0 



ms 


CKI standby time 

tCKISl 



52 

ms 


CKO delay time 

tCKOD 



635 

MS 


Duration of CKO at high 

tCKOH 



285 

MS 


Duration of CKO at low 1 

tCKOLl 



80 

MS 

11 

Duration of CKO at low 2 

tCKOL2 



825 

MS 

12 

CKO setup time 

tSTOPl 



95 

JUS 



Notell: For transfer rate of 0.32 ms/bit. 
Notel2: For transfer rate of 1.05 ms/bit 


(3) Serial transfer (with external clock) 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

RDY ON time 

tON 

2.25 



ms 

RDY OFF time (DIN— RDY) 

tOFFl 

53 



ms 

RDY OFF time (SDO— RDY) 

tOFF2 

53 



ms 

CKI standby time 

tCKIS2 

0.45 


52 

ms 

Duration of CKI at high 

tCKIH 

635 



MS 

Duration of CKI at low 

tCKIL 

380 



MS 

CKI setup time 

tSTOP2 

255 



ps 

CKI clock frequency 

fCKI 

100 


920 

Hz 


(4) Parallel transfer 


Parameter 

Symbol 

MIN. | 

TYP. 

MAX. 

Unit 

Data ON time 

tPDON 



2.65 

ms 

Data OFF time 

tPDOFF 

53 



ms 
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Remote Control Receiver CMOS LSI 


LU59001 


I Timing Diagrams 

(1) Receive signal (DIN) 


tDIN 


DIIN 

(2) RDY ON/OFF timing 


1_ 


” J ~ LJn 

nn 

i rnrn 




RDY 

y 



r \ 





tOFF2 1 


tOFFl 

tON 

r 

i — i i — i 


SDO 


a 


si 


(3) Serial transfer (with internal clock) 

RDY _| 



(4) Serial transfer (with external clock) 

RDY _| 


tCKIS2 tCKIH tCKIL 


1/fCKI *| 


CKI 


t ST0P2 


SD0 X Ce X C 7 x c 8 X 

(5) Parallel transfer 

DIN J U I I I I U L 

|i^ N Up 

PDli ~ 


1 c: T 


a 
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Remote Control Receiver CMOS LSI 


■ Functions 

(1 ) Operation 

The LU59001 is designed for 15-bit PPM sig- 
nal reception. For more information, see the de- 
scription of the LR3715M Remote Controller 
Transmitter. The LU59001 basically consists of a 
decoder which decodes PPM signal into binary 
data, formatter, system address check logic, and 
data transfer block. 

(2) Decoder 

Received signal (DIN) is converted into binary 
code according to the conditions shown in the fol- 
lowing table. If an interval, Tp, between pulses is 
in the range of 2.95 ms- Tp = 52.7 ms, it is iden- 
tified as a separator between 15-bit data items. If 
Tp is equal to or larger than 52.7 ms, it is identi- 
fied as the end of transmission. 


Conditions 

Identification 

Tp = 0.85ms 

Noise 

0.85 ms = Tp= 1.69ms 

Logic “0” 

1.69ms = Tp= 2.95ms 

Logic “1” 

2.9 5ms = Tp= 52.7 ms 

End of 15-bit data 

52.7msSTp 

End of transmission 


OSC frequency: 455 KHz 

(3) Coincidence judgment 

When the device starts reception, it checks the 
system address and mask bit, and performs coinci- 
dence check on inverted and non-inverted data. It 
first checks if the received system address, Ci-Cs, 
matches the preset system address (SYS1-SYS5), and 
verifies that the mask bit is “0”. Next the device 
checks coincidence of a non-inverted data item with 
its inverted counterpart. 

If concidence is found, the device becomes ready 
for data transfer (C 6 -C 13 ) to an external system. If 
coincidence is not found, comparison is made with 
the preceding or succeeding 15 bit data. Compari- 
son is repeated until coincidence is not found. Once 
the device starts data transfer it no longer decodes 
subsequently received data. 

(4) Data transfer 

Data transfer formats include serial and parallel 
transfer. If the R03 and R22 pins are both connected 
to Vdd, serial transfer is selected when the device is 
reset. In any other case, parallel transfer is selected 
when the device is reset. 

CD Serial transfer 

Serial transfer includes three modes. A mode is 
selected by the Si and S 2 signals applied to the R 20 
and R 21 pins. The following table shows the modes 
versus Si and S 2 signals (Si — S 2 = 1 is inhibited): 


LU59001 


S 2 

Si 

Transfer mode 

Transfer rate 

Roi(CKO) 

R23(CKI) 

0 

0 

Internal 

0.32ms/bit 

Transfer 

Request to 

0 

1 

Clock Mode 

1.05ms/bit 

Clock 

transmit signal 

1 

0 

External 

Clock Mode 

1.1 — 10ms 

/bit 

High 

Transfer clock 


OSC frequency: 455 KHz 

( a ) Internal Clock mode If a Request to 
Transmit signal (CKI) is applied to the R23 pin when 
the device is in data transfer mode, it starts data 
transfer sequence. The Roo pin outputs serial data 
(SDO) in the order of C6, C7, •••, C13, and the R 01 pin 
provides a transfer clock (CKO). In the Internal 
Clock mode a transfer rate from 0.32 ms/bit to 1.05 
ms/bit can be selected using the Mode Select signals 
Si and S2. 

(b) External Clock mode If an external transfer 
clock (CKI) is applied to the R23 pin when the device is 
in the data transfer mode, it starts serial data 
transfer. The Roo pin outputs serial data (SDO) in the 
order of C6, C7,*'*Ci3 ill synchronicity with the 
external clock. The allowable transfer rate is limited 
to 1.1 to 10 ms/bit. 

(2) Parallel transfer 

When the device enters the data transfer mode, 
pins Roo, R01, R02, R03, R20, R21, R22, and R23 output 
parallel data (PD0-PD7). Parallel data bits corres- 
pond to received data bits as follows: 


Pin 

Roo 

R 01 

R02 

R03 

R20 

R 21 

R 22 

R 23 

Parallel 

Data 

PDo 

PDi 

PD 2 

PD3 

PD4 

PDs 

PDe 

PD? 

Received 

Data 

Ce 

Ci 

C8 

C9 

C 10 

C 11 

C 12 

C 13 


( 3 ) Data transfer mode 

When the device completes decoding and coinci- 
dence check on received data, it enters the data 
transfer mode. Entry into the serial data transfer 
mode is indicated by the RDY signal appearing at the 
R 02 pin. 

That into the parallel data transfer mode is 
indicated by the OR output of the parallel data 
(PD0-PD7) (all bits of parallel data are not set at ‘0’ 
at the same time). 

The data transfer mode continues until all data 
has been transferred or for 52.7 ms after serial data 
transfer has been completed. After that, the device 
waits for data reception. 
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Remote Control Receiver CMOS LSI 


LU59001 


■ System Configuration 
(1 ) Serial transfer 



(2) Parallel transfer 
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Up/Down Counter CMOS LSI with LCD Decoder-Driver 


LR3617 


I DQC1 7 Up / Down Counter CMOS LSI with LCD 
Ll\UU 1 / Decoder-Driver 


■ Description 

The LR3617 isan up/down counter with a de- 
coder driver for 3 1 / 2 digit LCDs. It is best suited 
to tape counters for use in micro cassette tape recor- 
ders and VTRs. 


■ Features 

1. 3V 2 digit static LCD 

2. Leading zero suppression 

3. Minus sign floating position 

4. Memory stop 

5. End-of-tape stop 

6. -Single power supply : — 1.5V 

7. CMOS process 

S. 48-pin quad-flat package 


■ Pin Connections 


O O Q Q. U3 CD M <M 

OO'QQwcn DS Di OS 2 < 

QQ>>>>HOOOcflC/3 



Nop is connected to the internal circuit. 
To be used in the open state. 


Top View 


Block Diagram 


Segment Output 


Oscillation 





Decoder 

Driver 


Decoder 

Driver 


DC/DC 

Converter 

■ 

■ 

|H 

■ 


■ __ 

t 

_ 

3 

, 


■ 

■ 


Decimal 


Decimal 


Tarnary 

Counter 


Counter 


Counter 



Input 
JJControleiT 


Zero-detector Circuit 


F/F 


-n 


-d> 


Vss Vdd Vddi 


Stop Output 


Alarm Output 


Test 

9 ) Operation Input 
Count Pulse Input 

8) Pause Input 
Memory Input 
lo Up/Down Input 
Ip Reset Input 

10) Mode Input 
^0 Initial Set 
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Up/Down Counter CMOS LSI with LCD Decoder-Driver 


LR3617 


■ Absolute Maximum Ratings 


Parameter 

Symbol 

Ratings 

Unit 

Note 

Pin voltage* 

Vti 

0.3 ~- 2.5 

V 

1 

V T 2 

0.3 5.0 

V 

2 

V X 3 

+ 0.2~V dd -0.2 

V 

3 

Operating temperature 

T„ Dr 

— 10 — H60 

°c 


Storage temperature 

TstS 

-20- + 100 

°c 



* Referenced to Vss 

Note 1: Applies to Vdd, Vddi pins 

Note 2: Applies to Vee pin 

Note 3: Applies to all input pins except Vss, Vee, Vdd, Vddi pins 


■ Operating Conditions 


Parameter 

Symbol 

Ratings 

Unit 

Note 

Supply voltage* 

Vdd> V DDl 

l? 

1 

bo 

V 

4 

Input voltage* 

V IN 

i 0~v DD 

V 

5 


Note 4: Do not allow a sudden change to occur even within the rated value. 
Note 5: Applies to Sck, Sacl, Smen, Spau, Sopr, Salm, Sdn, Sr pins 


■ Electrical Characteristics (V DD =v DD i = -'i.5V,Ta=?'5 , ’C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 1 

Note 

Current consumption 

(Idd+Iddi) 

All input pins Vss, 
fosc = 64 kHz, with no load 


13.5 

25 

//A ) 

6 

Input voltage 

V,H 


-0.3 



V 

7 

v IL 




V DD + 0.3 

Input current 

IlH 

> 

0 

II 

X 

> 



5 

M 

7 

I.L 

V„=V DD 



5 

CR oscillator frequency 

fosc 

Ri = 5.1kn, R 2 =150kQ,C=47pF 

32 

48 

64 

kHz 

8 

Output current 1 

loHl 

V o „=-0.5V, V EE =-3.0V 

10 



//A 

9 

loLl 

Vol=-2.5V, V ER = — 3.0V 

10 



Output current 2 

U>H2 

V O h=-0.5V, V er =-3.0V 

100 



M 

10 

IoL2 

V ol =-2.5V, V E = — 3.0V 

100 



Output current 3 

IoH3 

Vo„ = -0.4V 

10 



juA 

11 

IoL3 

V OL =-l.lV 

10 




Note 6: 

Note 7: 

Note 8: 

Note 9: 
Note 10: 
Note 11: 


Total power consumption at fosc=64kHz 

All output pins open 

All input pins connected to the Vss pin 

Vddi pin connected to Vdd pin 

Applies to all input pins except Vss, Vddi, 

Vdd, Vee, CRi, CR 2 , CRo, pins 

The constant values shown in the right figure are used in the 
oscillation circuit. 

Applies to segment output pins 
Applies to common output pins 
Applies to STP, ALM pins 
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■ Sample Displays and Font 



Sample display 1999 
-120 


-20 


0 

M30 

■ Count Function 

(1) Count range 


/ O O 

I 3 — / 

/ 3 

l L. 


O 

_/ 


M 


_/ / / 
/ / / 


/I 

/ t 


Shown below are the count methods. 


U p • count 

-1999 

1 

-1998 

1 


Down • count 
1999 

I 

1998 

4 


1 

-2 

4 

-l 

4 

0 < 
4 

1 

4 

2 
4 

4 

1998 

4 

1999 


4 

2 

4 

l 

4 

o< 

4 

-l 

4 

-2 

4 

4 

-1998 

4 

-1999 
I 


(2) Count input cycle 

The count input signal waveform is as follows. 

_J L F 1 I 

L^T h ->U-Tl-J 

Th • 5ms (MIN.), Tl : 5ms (MIN.) 

(3) The relationship between count input, 
count content, and display 

The LR3617 changes its display,output each 
time 3 pulses get applied to the count input pin. 

(4) Count input recognition 

The LR3617 recognizes as one count pulse en- 
tered a transition that occurs in the up-counter 
mode when the counter input pin Sck connected to 
V$s is to be reconnected to Vdd (or open) or a tran- 
sition that occurs in the down-counter mode when 
the count input pin S C k connected to V D d (or open) 
is to be reconnected to V S s- 

Up • counter 
display 

Down • counter jnjTjnjTjnji_ri_rL 

display t 

=> t 

Time 


■jiJiJiJTJinjrirL 

ft* 

+1 +1 +1 


(5) Up/down input 

The LR3617 works as a down-counter when the 
up/down input pin is connected to V S s, and as an 
up-counter when the up/down input pin S DN is con- 
nected to V DD (or open). 

With the stop signal output pin STP at V S s level 
due to the tape end mode (discussed later) or the 
memory stop mode (discussed later) operation, 
when the up-down input pin S D n connected to Vdd 
(or open) is to be reconnected to V$s> the state of 
the stop signal output pin STP will be inverted to 
produce V D d level output. 

(6) Counter reset 

Connecting the reset input pin Sr to Vss resets 
the counter content to 0. Note that the counter does 
not operate with the reset input pin Sr connected to 

V ss . 


■ Memory Stop Mode 

(1) Memory stop mode and its resetting 

When the memory input pin Smem connected to 
Vdd (or open) is to be reconnected to V S s, the mem- 
ory stop mode will be entered, and M sign be dis- 
played on LCD. 

In memory stop mode, when the memory input 
pin S M em connected to V D d (or open) is to be recon- 
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nected to Vss, the memory stop mode will be reset 
and the M display on the LCD will disappear. 
Altering the memory input pin S M em connection 
does not affect the counter content. 

(2) Memory stop mode operation 

When the counter content changes in memory 
stop mode from the value other than 0 to 0 (when 2 
pulses are applied to the count input pin after the 
display has turned 0, in the case of display chang- 
ing from 1 to 0, or when the display turns 0 in the 
case of display changing from —1 to 0), the stop 
signal output pin STP will produce V ss level out- 
put. However, in the case of counter content change 
from the value other than 0 to 0 due to reset input 
S R ., the stop signal output pin STP will not go V S s 
level and stays at V DD level instead. 

When the stop signal output pin STP produces 
V ss level output due to the counter content change 
from the value other than 0 to 0, the memory stop 
mode will be reset and with it the M display on the 
LCD will disappear. 

With the counter content at 0, the memory input 
pin S M em connected to V D d (or open) is reconnected 
to V ss to enter the memory stop mode. 

And the stop signal output pin does not produce 
V S s level output but stays at Vdd level. 

The reset input Sr does not affect the memory 
stop mode. 

The memory input pin S M em is always in effec- 
tive operation as long as the LSI is supplied with 
power. The timing of the reset input Sr and the 
memory input Smem is as follows. 

Sr J I I 


Smem 1 — I I 1 ! 

ii it 

ii ii 

Counter contents j j f‘T"“ T""| 

(Display) I ” L ~"‘ j 

Memory stop mode \ | 

(M display) ~ 

■ Tape End Detection Function. 

When no pulse has Ueen applied to the counter 
input pin S C k for 4~8 seconds with V S s level input 
being applied to both the operation input pin S 0 pr, 
and the pause input pin S PAU , it will be decided 
that it is the tape end to be followed by the opera- 
tions described below. 

(1) Tape end stop mode 

The tape end stop mode is a state in which the 
mode input pin S A lm is connected to V DD (or open). 
And when it is decided that it is the tape end, the 
stop signal output pin STP will produce V S s level 
output. Changing the operation input pin S 0 pr from 


V DD to Vss level with the stop signal output pin 
STP at V S s level in the tape end stop mode, the 
state of the stop signal output pin will be inverted 
to produce V DD level output. 

(2) Tape end alarm mode 

The tape end alarm mode will be entered when 
the mode input pin S ALM is connected to V S s- And if 
it is decided that it is the tape end, a 500~1000Hz 
pulse will be applied to the alarm signal output pin 
ALM. 

When the operation input pin S 0 pr is turned V DD 
level with a 500~lQ00Hz pulse being applied to 
the alarm output pin ALM in the tape and alarm 
mode, the alarm signal output pin ALM produces 
V DD level output. However with the STP at V S s 
level output, the ALM output is disabled. 

(3) Operation input (S 0 pr) 

When the tape recorder is in PLAY, RECORD, 
FF, REW, CUE, REVIEW state, or in operation, 
V S s level input is applied. And when the tape re- 
corder is out of operation, V DD level input is ap- 
plied. 

(4) Pause input (S PAu) 

To be connected to V S s when the tape recorder is 
in normal operation, or to be connected to V DD (or 
open) when the tape recorder is out of operation or 
in the pause state. 

When no pulse has been applied to the count in- 
put pin Sck for 4~8 seconds with the pause input 
pin connected to V DD (or open), nor is it decided 
that it is the tape end. 

(5) Tape end alarm display 

Tape end alarm mode allows for the mode indica- 
tion in LCD static display. 

(6) Chatter killer 

The LR3617 has its operation input pin S 0 pr, 
pause input pin S PA u, mode input pin S AL m, up- 
down input pin S DN , memory input pin S M em, reset 
input pin S R , and count input pin S C k equipped 
with built-in chatter killers, the timing of which is 
shown in the figure below. 


LSI input_ 

LSI 

acknowledgement 


- 1 1 1 1 1 J 11111 11 1 11 ► t 

In the case of an input pin other than Sck (3.9~7.8ms/div) 

LSI in » ut i — i n i — i i — 1_ 

LSI 

acknowledgement | I I " 


— i — i — i — i — i — i — i — i — i — i — i — i — i i i i i i— . t 

In the case of Sck (0.25~0.5ms/div) 
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(7) Initial set 

By connecting the initial set input pin S ACL to 
V DD , the internal LSI and each output will be in- 
itialized as follows. 

Counter display 0 

Memory stop function reset (therefore no M dis- 
play) 

■ System Configuration 


Stop signal output pin STP V DD level output 
Alarm signal output pin ALM V DD level output 
The LSI retains the state as described above 
with the initial set input pin S A cl connected to 
V DD . 



Alarm 


> 


Vdd 


Co • For chatter killer of input signal 

Ci *. For setting clock frequency 

C2 • For level shift coupling 

C3 • For smoothing after level shift 

C4 • For initial set 

C5 • For power supply hold 

Ri ! For setting frequency 



R 2 : 

R 3 : 


| For regulating current 
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LR3727 


VTR Data Back CMOS LSI 


■ Description 

The LR3727 is a CMOS LSI which provids date 
informations on video recordings. 


■ Features 

1. Date information data store function 
(4-bit parallel BCD code) 

2. Data display function 

3. Single power supply : + 5V 

4. CMOS process 

5. 36-pin quad-flat package 



Block Diagram 


Display Data 
Output 
Display Inhibit Q5, 


GND 


Vdd 

(+5V) 


Oscillation 



Horizontal 

S Sync. Signal 

Horizontal 
Position 

21) Display Time 
Display Start 


Vertical 

Position 


Vertical sync. 
Signal 

12) Input Switching 

13) Clock Input 


Data Input 


Data Select 
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■ Absolute Maximum Ratings 


Parameter 

Symbol 

Rating 

Unit 

Supply voltage* 1 

V DD 

- 0.3 ~ + 7.0 

' V 

Input voltage * 1 

Vin 

-0.3~(V dd + 0.3) 

V 

Pin current 

I 

+ 10 

mA , 

Power consumption * 2 

Pd 

450 

mW 

Operating temperature 

T 

1 opr 

— 10 — 1-60 

°C 

Storage temperature 

Istg 

— 55 — h 125 

°C 


* 1 Referenced to GND 
*2 Ta=60°C 


■ Operating Conditions 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage * 1 

Vdd 

4.5 

5.0 

5.5 

V 

Input voltage * 1 

V,N 

0 


^dd 

V 

External oscillation 
resistance 

Rcp 


3.3 


kfl 


■ Electrical Characteristics (V DD =5.ov, Ta=25°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Current consumption 

Idd 

In display mode, R CP =3.3kn 



5.0 

mA 


Standby mode 



0.1 


Input voltage 

V, H 


4.0 


. 5.0 

V 

1 

V, L 


0.0 


1.0 

Input current 1 

IlHl 

V in =5.0V 

0.0 


1.0 

M 

2 

I IL 1 

Vi N ^oy 



-100 

Input current 2 

IlH2 

V in = 5.0V x - v= 

0.0 


1.0 

M 

3 

IlL2 

v IN =ov 

0.0 


-1.0 

Output voltage 1 

VoHl 

5.ov at mn 

4.0 


5.0 

V 

4 

VoLl 

6"* 

r 

II 

3 

> 

0.0 


0.5 

Output voltage 2 

VoH2 

5.0V at IMP 

4.0 


5.0 

V 

5 

VoL2 

Iol = 1mA 

0.0 


1.0 

Output voltage 3 

VoH3 

Iou~ — 1mA 

4.5 


5.0 

V 

6 

VoL3 

Iol = 1mA 

0.0 


0.5 

Clock oscillator frequency 

Icp 

External resistance=3.3kO 

2.5 

3.0 

3.5 

MHz 



Note 1: Applies to all input pins 

Note 2: Applies to Do— D 3 pins 

Note 3: Applies to input pins except Do— D 3 pins 

Note 4: Applies to HCR, TCR pins 

Note 5: Applies to Si— Si pins 

Note 6: Applies to Dout pin 
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■ Operation 
(1 ) Data store operation 

( 1 ) Input data switch (CNT pin) The input 
data switch input pin is a pin that switches the way 
the input data is taken in. As will be shown later, it 
is suited for data setting by digital switch when 
this input pin is “Low” and for reading in the data 
from the external LSI when it is “High”. 

(ii) Input data select outputs (Si~Se pins) 

As will be shown later, these outputs produce 

the output of strobe signal for each digit when the 
CNT pin is “Low” and produce the output of inter- 
face signal for the external LSI when the CNT pin 
is “High”. 

(iii) Data input (Do~Ds pins) Enter the data 
selected by the data select outputs. The data inputs 
is by entering 6 times serially negative logic paral- 
lel BCD codes with each dight consisting of 4 bits. 
The data input is in the following order : 10 years’ 
digit, 1 year’s digit, 10 months’ digit, 1 month’s 
digit, 10 days’ digit, and 1 day’s digit. 

Note that with each data, the Do pin is LSB, and 
the D3 pin is MSB. 

(iv) Data clock input (DCLK pin) Enters 
the fundamental clock input for data transfer when 
the CNT pin is “High”. This clock sets up the data 
transfer timing. With the CNT pin “Low”, zero 
blanking input for the 10 months’ and 10 days’ 
digit occurs. When the DCLK pin is “High”, zero 
blank is enabled. And when it is “Low”, no zero 
blank is enabled. Note that zero blank is disabled 
when the CNT pin is “High”. 

(2) Display operation 

(i) Horizontal sync signal and vertical sync 
signal input (HSYNC, VSYNC pin) 

To synchronize the picture, the positive-going 
horizontal sync pulse and vertical sync pulse are to 
be applied to these input signal pins. The pulse 
width required is more than 1 jus for the horizontal 
pulse, and more than twice the horizontal pulse 
width for the vertical pulse. 

(ii) Horizontal positioning (HCR pin) 

Input pin for the time constant of the one-shot 
multivibrator positions the horizonal display in 
the picture. By varying the time constant of the ex- 
ternal CR, horizontal display position can be 
changed. 

(iii) Vertical positioning (Vi ~Vi 28 pins) 

Input pins for positioning. The level of this pin 
determines the vertical display position. 


Vl28 

V 64 

V 32 

Vie 

Vs 

V 4 

V 2 

Vi 

set value 

L 

L 

L 

L 

L 

L 

L 

H 

1 

L 

L 

L 

L 

L 

L 

H 

L j 

2 


L 

H 

H 

L 

L 

L 

H 

H 

99 

L 

H 

H 

L 

L 

H 

L 

L 

100 


H 

H 

H 

H 

H 

H 

H 

L 

254 

H 

H 

H 

H 

H 


H 

H 

255 


Set value = 128 • Vm + 64 • V 6 4 + 32 ■ V32+I6 • Vie + 8 • Vs 
+ 4 • V4 + 2 • V2 + V1 


Through the combinations in the table above, 
any set value can be selected from 1 to 255. The 
display starts in the position (set value + 4) scan 
lines from the fall of VSYNC. 

(iv) Oscillator input and output (OSCin, OSCout 
pins) The frequency of the built-in oscillator is 
determined by the external resistor connected be- 
tween these pins. The oscillator frequency of this 
oscillator determines the horizontal size of the 
character. 

(v) Display time input (TCR pin) Input pin 
for time constant of one-shot multivibrator that de- 
termines how long the characters shall be display- 
ed on the screen. By varying the time constant of 
the external CR, display time can be changed. 

(vi) Display data output (Dour pin) Display 
data output pin that produces “Low” output when 
no character is being displayed and produces 
“High” or “Low” output according to the display 
when character(s) is(are) being displayed. 

(vii) Display blanking input (BL pin) Input 
that disables the display data output (Dout pin). 
When this pin goes “High”, the Dout pin always will 
go “Low” level. This pin only disables the Dout out- 
put and does not affect the internal working of the 
LSI. 

W Display start input (START pin) Input 
for not only starting to read external data into the 
LSI but also for displaying this data on the screen 
after the data is read. 

When this input changes from “Low” to “High”, 
the one-shot multivibrator that determines the dis- 
play time will be triggered. 

The data display time is determined by the time 
constant of the CR externally connected to the dis- 
play time input pin. 
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■ Display 

The display is a total 6-digit, 1-line display of 
year, month, and day each consisting of 2 digits. 
The character organization and character array 
are as follows. 



D 3 

d 2 

Di 

Do 

Indication 

Low 

High 

High 

Low 

1 1 


Low 

Low 

Low 

Low 

] (blank) j 

L j 


(1 ) Character organization 

The display character is of 5X7 numerics and 
dots that separate year, month, and day. The dots 
are fixed and not erasable. 

(2) Character array 

The character organized as described above will 
be displayed in array as follows. And the character 
size, and spacing are as shown in the figures A and 
B. 

A : Approx. 550ns (when the frequency of the 
built-in oscillator is 1.8MHz) 

B : Scan line 3 lines/field 




Display of October 25 , ’ 81 

■ Description of Operation 

(1) On application of the source voltage V D d, 
the capacitor externally connected to the timer T 
starts charging. And when the pulse is applied to 
each of, the VSYNC and HSYNC pins, display func- 
tion is enabled. The display this time is not consis- 
tent, but most of the time, only the dots that sepa- 
rate the digits are displayed and the characters 
that would otherwise follow get blanked. 

No input signal should be applied prior to pow- 
er-up because the LR3727 is of CMOS structure. It 
should be remembered that source voltage should al- 
ways be kept turned on because of the LSI’s small 
current consumption except when displaying. 
When the capacitor externally connected to the 
timer T finishes charging, the LR3727 will go into 
the standby mode. 

(2) Apply the horizontal sync pulse and vertical 
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sync pulse to the HSYNC and VSYNC pin respec- 
tively. Until the START signal is applied, the 
whole LSI is in static state and retains the initial 
state with the Dqut pin “Low”, oscillator in static 
state, Si~S 6 in high impedance state (“High”), and 
each of the time constant input pins (TCR pin, HCR 
pin) in high impedance state (“High”). 


VSYNC pin 

START pin 
TCR pin 

TP signal 



(3) Vary the START input pin from “Low” to 
“High” to enter the START signal. As shown in the 
following figure, the TP signal is generated in the 
LSI while the TP signal is in sync with the VSYNC 
signal. More than 1 jus of the width START input 
signal is required. The TP signal width is deter- 


mined by the time constant of the CR externally 
connected to the TCR pin. Therefore, if the TCR is 
left connected to GNf), the operation time of the LSI 
will be infinitely long and go into continuous dis- 
play. (However, if the CNT pin is “High”, the dis- 
play data will be read into the LSI only once im- 
mediately after the START signal input. Even in 
continuous display, the START signal should be 
entered again to alter the display.) 

(4) On the top signal going “High”, the external 
data will be read into the LSI with the timing as 
shown in Fig. 1 and Fig. 2. In the data read timing 
chart, the CR time constant of the TRC pin (or TP 
signal output time) is shown to be long enough com- 
pared to the vertical sync signal cycle (longer than 
2 cycles). With the CR time constant of the TCR pin 
short (shorter than the vertical sync signal cycle), 
the complete external data cannot be read into the 
LSI. 

The HP signal in the timing chart just discussed 


HSYNC pin 

START pin 
VSYNC pin 
TP' signal 

HP signal 

51 pin 

52 pin 

53 pin 

54 pin 

55 pin 

S 6 pin 

Do~Ds pins 



Fig. 1 Data read timing (CNT pin “Low”) 
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Start pin 



DCLK pin 


VSYNC pin 


TP signal 


Si pin 


S2 pin> 


S3 pin 


S4 pin 


S5 pin 


Se pin 


Do~D 3 pins 



Fig. 2 Data read timing (CNT pin “High”) 


is a signal in sync with the rise of the horizontal 
sync signal applied to the HSYNC pin and has a 
pulse width that is determined by the time constant 
of the CR externally connected to the HCR pin. 
Duty varies with the horizontal display position on 
the screen. 

The external data applied to D 0 ~D 3 pins goes 
into sync with the rise of the horizontal sync signal 
applied to the HSYNC pin when* the CNT pin is 
“Low”, or goes into sync with the rise of the clock 
applied to the DCLK pin when the CNT pin is 
“High”, to be read into the LSI. Note that while the 
LSI is reading external data, the display gets blank- 
ed and therefore the D 0 ut pin maintains “Low”. 

The external data read into the LSI is a 6 .char- 
acter data and is stored in a 6 X 4 shift register. 


The data for the dots that separate each digit will 
be set up in the LSI as fixed data. These character 
data or fixed data are to be through the multiplexer 
to the character generator. 

(5) The data read time is followed by the dis- 
play time if the TP signal is “High”. The display 
time lasts while the TP signal maintains “High” and 
comes to an end when the TP signal goes “Low”. 

During the display time, it is so designed, the V 
address counter counts the HP signals (the pulse 
width of which is determined by the time constant 
of the CR externally connected to the HCR pin) that 
is in sync with rise of the horizontal sync signal 
applied to the HSYNC pin, collects out of the char- 
acter generator the character data output produced 
during each horizontal scan time, and produces 
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serially through the 5 -bit shift register the charac- 
ter outputs one by one at the D 0 ut pin. 

In the meantime, the H address counter counts 
the timing pulses HC that occur during 1 horizontal 
time to construct a character address and transmit 
6 character data and 2 dot data to the character 
generator. 

The oscillator operates only part of the horizon- 
tal time (when HP is “Low”) where display is to be 
performed, to generate not only 5 -bit shift register 
data but also the clock for the timing circuit and 
load sequentially 6 -character 2 -dot data into the 
5-bit shift register. 


Fig. 3 shows the timing chart of the 1 field im- 
mediately after data read. One character is divided 
into 7 parts with each part displayed during the 3 
horizontal scan lines per field so that vertical size 
of one character is 21 horizontal scan lines high 
per field. During the display time, this operation 
repeats with each input of vertical sync signal ap- 
plied to VSYNC pin. 

Fig. 4 shows the timing chart of 1 horizontal 
time during the display. One character is divided 
horizontally into 5 parts so that their signal out- 
puts will be produced from the D 0 ut pin. 




Fig. 3 Display timing in 1 field (TP signal = “High”) 


HSYNC pin 


_TL 


HP signal _J [_ 


OSCout pin — tnnnnjiniumiumnnju^^ 

i j ; j ! j j j 

HC signal U U U Ll U U i _T U U IT 


Dout pin 


nrm mm n mrn mm n mrn nrm n 



Fig. 4 Display timing in 1 horizonal time (TP signal = “High”) 
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I DOCCO Phase Locked Loop Frequency Synthesizer 

cmos lsi 


Description 


Pin Connections 


LPF amp. 

5. 5-bit input ports 

6. Time base : 3.6MHz crystal 

7. Single power supply : + 3V 

8. CMOS process 

9. 22-pin dual-in-line package 


The LR3652 is a CMOS LSI designed for PLL 



frequency synthesizer AM/FM radios. It can be 



controlled directly by the Sharp 4-bit 1-chip 


( 


SM-4A or SM-5A microcomputers. 

ST (T 

0 

H GND 


D2 u 


11 Co 


G 2 Gl 


U Ci 


LK E 


11 NC 


Di E 


1 C 2 

■ Features 

Gi E 


ID NC 

1. Reference frequencies 

CPi \T 


1 C 3 

FM mode 

cp 2 E 


1 NC 

2.25kHz, 2.5kHz, 12.5kHz, 25kHz, 50kHz 

OSCour'QT 


m fm 

AM mode 

OSCin fTo 


11 AM 

1kHz, 4.5kHz, 5kHz, 9kHz, 10kHz 

Vdd E 


ID PSC 

2. Frequency division ratio : 1/3 ~ 1/999 


l J 


3. FM mode : pulse-swallow type 



4. Charge-pump output port and an N-channel 


Top View 


Block Diagram 



jl/8- Divider 

H 

Divider for Reference Frequencies 




‘ 9 f 

!_l 

H 

Decoder for Reference Frequencies 


Charge Pump' 
Lock Detector 


FM Local 
OSC. (14 
F requency 

AM Local (13 
OSC. 
Frequency 


Programmable Divider 


Programmable Counter 
for Prescaler Control 


Low-Pass 
f Filter 
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■ Absolute Maximum Ratings 


/ Parameter 

Symbol 

Ratings 

Unit 

Note 

Supply voltage 

Vdd 

-0.3-+6.0 

, V 


External voltage 

V CC 

— 0.3 — L 18 

V 

1 

Input voltage 

v IN 

— 0.3~ +6.0 

V 


Current consumption 

Idd 

+ 10.0 

mA 

2 

Output current 

IoUT 

+ 2.0 

mA 

2,3 

Operating temperature 

T„ Dr 

— 20— +60 

V 


Storage temperature 

Ists 

— 55 — h 125 

V 



Note 1- Applies to Di, D 2 pins. 

Note 2: The direction of flowing into the LSI is defined as positive, and flowing out of the 
LSI as negative. 

Note 3: Applies to output pins. 


■ Operating Conditions 


Parameter 

Symbol 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Supply voltage 

Vdd 

2.7 

3.0 

3.3 

V 


External voltage 

Vcc 

0.0 


15.0 

V 

1 

Input voltage 

V,N . 

0.0 


Vdd 

V 


Oscillator frequency 

fosc 

3.6 



MHz 



■ Electrical Characteristics <v DD =3.ov,Ta=25°C) 


Parameter 

Symbol 

Conditions 

MIN. 

TYP. 

MAX. 

Unit 

Note 

Supply voltage 

Vdd 

fosc = 3.6MHz 

FM or AM = 3.0MHz, 0.3V P - P 

2.7 

3.0 

3.3 

V 

4 

Current consumption 

Idd 

fosc~ 3.6MHz, output pin open 
FM or AM = 3.0MHz, 0.3V P - P 


2.5 

5.0 

mA 

4 

Input voltage 

v IH 


2.6 


3.0 

V 

5 

v IL 

0.0 


0.4 

Input current 

IlH 

V IN = 3.0V 



1.0 

M 

5 

IlL 



- 1.0 

Input frequency 

flN 

Sine wave V in = 0.3V p - p 

3.0 



MHz 

6 

Output voltage 

VoHl 

Connects to V D d at lOOkH 

2.6 


3.0 

V 

7 

VOL! 

I O l=100M 

0.0 


0.4 

VoH2 

Ioh — 200 fJ- A 

2.6 


3.0 

V 

8 

VoL2 

Iol = 200 /^A 

0.0 


0.4 

VoH3 

Ioh = — 200 

2.6 


3.0 

V 

9 

VoL3 

Iol = 200 t * A 

0.0 


0.4 

VoH4 

V CC =15V at lOOkH 
with G, and G 2 grounded 

14.80 

14.95 

15.00 

V 

1 

V 0 I.4 

Iol= 1.0mA, 

with Gj and G 2 grounded 

0.0 


0.4 

Oscillator frequency 

fosc 


3.6 



MHz 

10 

PSC delay time 

Tlh 

V IN = 3.0MHz, sine wave 



300 

ns 

8 

Thl 

0.5V P - P 



300 


Note 

4: 

Applies to Vdd pin 

Note 

5: 

Applies to ST, Co, Ci, C 2 , Cs, pins 

Note 

6: 

Applies to AM, FM pins 

Note 

7: 

Applies to LK pin 

Note 

8: 

Applies to PSC pin 

Note 

9: 

Applies to CP, CP 2 pins 

Note 

10: 

Applies to OSCin, OSCout pins 
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■ How to Use Pins 

(1) OSCin, OSCout (Crystal oscillation) 


Programmable counter for counter range 

prescaler control 

If a prescaler with its frequency dividing ratio 
switchable between 1/40 and 1/44 is used : 


OSCin OSCout GND Mode FM 

Crystal < 
3.6MHz 

HOb 

=C G = 

Z Cd 

Channel space 100kHz 

Frequency dividing ratio 1/123 

Count range of the counter for a 

prescaler 4 

C G ,C D =33pF 


ST 

Co 

Ci 

C 2 

C3 

Function 

1 

MF 

Mi 

M 2 

m 3 

With MF “Low” and “High”, AM mode and FM mode respectively. 
For Mi ' ' M3, refer to the other table. 

2 

Pai 

P32 

P33 

P 34 

P 31 P 34 set the frequency dividing ratio for the 100’s digit of the 
programmable counter. 

3 

P21 

P 22 

P23 

P24 

P 21 P 24 set the frequency dividing ratio for the 10’s digit of the 
programmable counter. 

4 

P11 

P12 

Pl3 

Pl4 

Pi 1 P 14 set the frequency dividing ratio for the l’s digit of the prog- 
rammable counter. 

5 

Pi 

P 2 

P3 

P4 

Pi~P 4 set the count range of programmable counter for pulse swal- 
lowing. 

6 

“Low” 

“High” 

“Low” 

“High” 

Indicate the end of data input and data latch. 


Mi 1 

M 2 

Ms 

| Reference frequency (kHz) 

FM mode (MF“High”) 

AM mode (MF“Low”) 

“Low” 

“Low” 

“Low” 

2.25 

1.0 

“High” 

“Low” 

“Low” 

2.50 

4.5 

“Low” 

“High” 

“Low” 

12.50 

5.0 

“High” 

“High” 

“Low” 

25.00 

9.0 

“Low” 

“Low” 

“High” 

50.00 

10.0 


FM mode 



t^2j«s t^2;US 


The input described above provides 

Mode FM 

Phase comparision frequency ... 25kHz 

Programmable counter for f reque ncy deviding 
FM, AM input ” ratio = 1/123 


(2) Co, Ci, C 2 , Cs, ST 

These are the data input pins for selecting FM/ 
AM, setting reference frequency, FM/AM input 
frequency dividing ratio, and the count range of 
programmable counter. The following 2 different 
data inputs are available. 

(i) Using 4-bit data and strobe The data 
will be read into LSI by strobe function after 4-bit 
data is set. It takes 6 times of strobe to complete 
data reading. 

(ii) Using one pin each for data, strobe, and 
latch 20-bit data is entered serially through 
the data input pin C 0 . With one strobe, the data is 
read one bit and will be latched by the Ci input 
after data reading is completed. C 2 and C 3 shall al- 
ways stay at “High” level. 


ST 

1 

2 

3 

, 4 

5 

6 

7 

8 1 

9 

10 

Co 

Ms 

M 2 

Mi 

MF 

P3 4 

P33 

P32 

P31 

P 24 

P23 


ST 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Co 

P22 

P21 


Pl3 

Pl2 

Pn 

p 4 

Ps 

P 2 

Pi 
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t<M 3*f*M 2*|^M 1»+«M F*-j<P34»J 


Latch 



.! ' j l 1 1 1 . 


t^2jus t^2jus t,t^2/js 

(iii) - FM, AM (Station originatng input) 


FM .AM 


FM AM station 

prescaler origination 


Ci,C 2 : lOOOpF 



GND LK 


Vdd 


I II— — WrJ 


Station 
orig mating 
signal 



FM 


Prescaler 

H 

LR3652 


f PSC 


(iv) CPi, CP2, Gi, G2, Di, and D2 

(Constitute a low pass filter circuit) 

(v) LK (lock output) 

Goes “High” (the transistor turns off) if the PLL 
loop is locked. 

(vi) PSC (Prescaler control output) 


■ Reception Frequency Range (1 ) 


Band 

Area 

MF 

Mi 

M* 

Mo 

Frequency dividing ratio 

Comparison frequency 


Japan 

“High” 

“High” 

“High” 

“Low” 

1/65-1/79* 2 
(4~2)* 1 

25kHz 

FM 

USA 

“High” 

“Low” 

“Low” 

“High” 

1/49-1/59* 2 
(4 — 3)* 1 

50kHz 


Europe 

“High” 

“Low” 

“High” 

"Low” 

1/196—1/229* 2 
(6~0)* 1 

12.5kHz 


Japan 

“Low” 

“High” 

“High” 

“Low” 

1/109-1/228 

9kHz 

AM 

USA 

“Low” 

“Low” 

“Low” 

“High” 

1/80-1/184 

10kHz 


Europe 

“Low” 

“High” 

“High” 

“Low” 

1/109-1/228 

9kHz 


* 1 Count range of prescaler control counter 

* 2 When to be used in the FM mode, an IC that, as a prescaler, allows frequency dividing ratio to be switched between 1/40 and 

1/44 is used. 


■ Reception Frequency Range (2) 


Band 

Area 

Reception frequency range 

Intermediate frequency 

Station originating frequency 

Channel space 


Japan 

76.1 -89.9MHz 

-10.7MHz 

65.4 — 79.2MHz 

100kHz 

FM 

USA 

88.1 ~107.9MHz 

+ 10.7MHz 

98.8- 118.6MHz 

200kHz 


Europe 

87.6-103.8MHz 

+ 10.7MHz 

98.3- 114.5MHz 

50kHz 


Japan 

531-1, 602MHz 

+ 450MHz 

981-2, 052kHz 

9kHz 

AM 

USA 

540-1, 580MHz 

+ 260MHz 

800~l,840kHz 

10kHz 


Europe 

531-1, 602MHz 

+ 450MHz 

98t~2, 052kHz 

9kHz 
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■ System Configuration 
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Notes 
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